U.S. DEPARTMENT OF AGRICULTURE 


BUREAU OF PUBLIC ROADS 


IC Road 





Sapa) | Pee LOE 


| VOL. 3, NO. 27 
las _ — 

















CIPI LITEP IEEE EEE SS CMLPOOEFAFLETIEGE, 











Sse 


<< xt 
SSS 


SSSSSSS 


RR 











WN 


SSS 


SSS 


Sos 


SSS Ss 


<A 


SSS 


SSN SS 


SSsssss 


SS 


SS SSS TS AUNTS STS 


S —— SSS SSS 


LAS SS 





227777777 





NARARARRAR AS EES ESS SS 





— + 
YA Vii hle 
Y) PIALTCLLITIE LG 


i 
ZZ 


vannreaeeer Js 


WASHINGTON ; GOVERNMENT PRINTING OFFICE : 1920 











Owing to the necessarily limited edition of this publication it 
will be impossible to distribute it free to any persons or institu- 
tions other than State and county officials actually engaged in 
the planning or construction of highways, instructors in highway 
engineering, periodicals upon an exchange basis and Members 


of both Houses of Congress. Others desiring to obtain ‘‘ Public 
Roads’’ can do so by sending 15 cents for a single number or 
$1.50 per year to the Superintendent of Documents, Government 
Printing Office, Washington, D. C. 
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HIGHWAY ADMINISTRATION AND 


ROAD CONDITIONS IN FRANCE 


N OCTOBER, 1919, the Department of State, at 
the instance of the transportation 
the Council of National Defense, 

questionnaire to American 
ways and highway transport 
the world. 

To date replies 
9) consular districts. 
much of it 
which were asked, 


section of 
transmitted a 
regarding high- 
conditions throughout 


consuls 


been received from about 
The data 


is of considerable 


have 
is voluminous and 
value. 
to which replies are 
received in one form or another were as follows: 


The questions 


and being 


Total number of miles of road in the country, 
outside of incorporated cities and towns. 

Classification as to character of improvement 
and type of roads. 

. Classification according to 
$1. Cost of construction per mile, also per square 
a under the various stated classifications. 
~ 5. Cost of ordinary maintenance per mile and per 
square vard per annum under the various classifica- 
tions given, excluding resurfacing and extraordinary 
repairs. 

Annual amount of Government expenditure for 
construction, for ordinary maintenance, and for extra- 
ordinary repairs. 

Amount and character of local contribution of 
each administrative class and nature of apportion- 
ment and securement. 

8. Nature of governmental direction of construction 


administration. 


and maintenance, including jurisdiction and super- 
vision, describing administration and organization. 


9. Comparison and relation of units of government 
in other countries for purpose of comparison with the 
United States, namely, the correlation between our 
States, counties, and road districts and our Federal 
Government. 

10. Whether or not any 
land; if a tax, the nature, 
collection, 

Where obtainable, secure concrete tables show- 
ing cost per ton-mile of highway transportation, both 
before and after road improvement, the desideratum 
bein ¢ to ascertain the saving in hauling freight on 
highways on the basis of the ton-mile because of the 
- , ree 

. Cost of hauling produce or freight per ton-mile, 


tax is levied on abutting 
amount, and method of 


giving data on which such estimates are formed, 
including tonnage, general nature of freight, kind of 
Vehicles used, whether cost of vehicles and power 
taken into calculation; if so, what percentage of cost 
charged for annual depreciation. Maximum load in 
eacli case, number of individuals figured in making 
up estimates, and wages or cost of labor in the activity, 
and verage length of haul on which the calculation is 
“— : 


Whether good road or highway construction 
Re to any degree been substituted for railway branch 
lines or feeders to railroads; whether railroads, where 
under private ownership, contribute in any way to 





(3) 


tax or contribution, 
construction. 
Average length of highway haul for produce or 
other commodities from point of origin to destination, 
excluding rail and water haul. 

15. National and local sources 
raising revenue for highway 
tenance. 

16. Explain system of estimates, accounting, and 
cost keeping, tracing road funds from origin to final 
audit and approval, submitting such forms and reports 
as are customarily used, also table of salaries and 
administrative personnel. 

17. Any concrete information obtainable where 
highway improvements have increased the value of 
abutting and contiguous property and the percentage 


directly or indirectly, toward road 


and methods of 
construction and main- 


of such increase in value. 
18. Number of highway transportation units in 
operation and type, specifying separately motor 


passenger and freight vehicles, and other means of 
travel such as horse, mule, or bullock drawn wagons. 
19. Plans for future highway construction and type 
of road to be constructed. 
20. General forecast as to possibilities of future 
development of country through means of improved 
highways transportation. 


On account of the value of much of the material 
which is being received, the Bureau of Public Roads 
will publish the most important data in PuBLic 
Roaps in serial form. 


INFORMATION FROM FRANCE. 


France has been selected as the subject of the first 
installment because of its preeminence in matters of 
road construction. Subsequent issues will publish 
the data on the British Isles, Canada, Switzerland, 
Sweden, and other countries. The greater nations 
will be treated as fully as the data at hs and will permit; 
the information received from the lesser countries 
will be abstracted and published in condensed form. 
Those who are interested to obtain more information 
than is contained in the published data may do so 
by applying either to the Bureau of Public Roads or 
to the Council of National Defense where the original 
reports are on file. 

The French information published in this instali- 
ment has been obtained from the consular offices at 
Lyon and St. Etienne, which, together, are responsible 
for 20 of the 87 departments, as follows: Ain, Belfort 
(Territory), Dréme, Haute-Saéne, Haute-Savoie, Isere, 
Jura, Rhone, Savoie, Sadne-et-Loire, Allier, Céte-d’Or, 
Doubs, Ardeche, Aveyron, Cantal, Heute-Laiee, 
Lozere, Loire, and Puy-de-Dome. 

It is, therefore, in no sense complete, but it is suffi- 
ciently inclusive to convey a knowledge of road con- 











ditions, and methods of administration in our sister 
Republic far more exact than the average American 
highway engineer has heretofore possessed. 

The French units of government corresponding to 
the American units are as follows: 

The State corresponding to our Federal Government. 

The Departments corresponding to our States. 

The arrondissments corresponding to our counties. 

The communes corresponding to our townships. 

All roads are classified as follows: 

Routes nationales, or National highways, which are 
under the administration of the National Government. 

Routes departementales, or State highways, which 
are under the direction of the Departments. 

Chemins de grande communication, or main lines 
of communication, and chemins d’intérét commun, or 
roads of general interest, correspond to our State-aid 
roads and are built by the communes, supplemented by 
grants from the Departments. 

Chemins vicinaux ordinaires, or ordinary country 
roads, are almost entirely at the expense of the com- 
munes, with occasional aid from the Federal Govern- 
ment. 


THE NATIONAL HIGHWAYS. 


The routes nationales, or national highways, are 
constructed and maintained in condition by the minis- 
try of public works, under which in direct charge is 
the Service des Ponts et Chaussées, or the department 
of roads and bridges. Funds for construction and 
maintenance of roads of this class are derived solely 
from national sources, except that in certain cases of 
special repairs, as when it is necessary to tar the roads, 
a special tax is levied on the beneficiaries by the 
improvement (either 50 per cent of the cost or in 
proportion to the advantages deemed to accrue). 

Plans and specifications are prepared by the depart- 
ment of roads and bridges, and the construction and 
maintenance of the roads are executed under the 
supervision of the Parisian Department. 

Basing the estimate on the returns from nine 
Departments, which report the mileage of the roads of 
the several classes, the routes nationales constitute 
approximately 6 per cent of the total mileage of roads 
in the country. 

Gravel and macadam are the prevailing types of 
surfaces, the roads of heaviest traffic being paved with 
stone blocks. Owing to the general increase in the 
weight and volume of traffic in all Departments, there 
is a tendency to replace madacam with more durable 
pavements. Asphalt will be used on certain routes, 


and where it is not sufficient paving stones will be used 
to resist the traffic. 

The width of the national highways varies from 
about 19 feet to 29 feet including sideways or shoulders. 
Their thickness is difficult to determine, owing to the 
fact that they have been built up through successive 
applications of stone decade after decade. 


Many of 





them undoubtedly are upward of 20 inches in thick- 
ness. One road of this class, route national 23, which 
was resurfaced by the American Army, is reported 
by the officer in charge of the work to have the follow- 
ing composition, totaling 42 inches in thickness: A 
surface course of 3 inches of limestone, underlain 
successively by 4 inches of trap rock, 7 inches of coarse 
gravel, 18 inches of crushed granite in 3 or 4 inch 
fragments and 10 inches of Telford base. In resur- 
facing it is common to add from 3 to 4 inches of new 
stone. 

The average cost of construction of all national! 
highways before the war was 45,000 francs per kilo- 
meter, or about $13,685.75 per mile.t| As the prewar 
costs of nearly all commodities and services have since 
been increased from 250 to 300 per cent, the cost of 
such construction is now probably from $32,000 to 
$40,000 per mile. 

The 1920 budget estimates the cost of maintaining 
the roads of this class at 1,800 francs per kilometer, or 
about $550 per mile. 


STATE HIGHWAYS. 

The routes départementales, or State highways, 
constitute about 44 per cent of the entire mileage of 
roads. They are paid for entirely from the funds of 
the Departments. The departmental commission 
appoints the personnel of the road service, a corps of 
State engineers known as agents-voyers, which con- 
sists of a chief road surveyor, two district road sur- 
veyors, and from 20 to 40 local road surveyors for eacli 
of the 87 departments. This corps assumes contro! 
over the preparation of the plans, and the execution 
of’ surveys, construction, and maintenance for the 
departmental roads. The Federal Government inter- 
venes in the construction only when it is necessary to 
take possession of private property for the public use 
or to approve laws dealing with the alignment of 
buildings along the thoroughfares. 

In type of construction the departmental roads are 
similar to the routes nationales. In width they aver- 
age from 5 to 6 meters, i. e., from about 16 to 20 feet. 
Their thickness is usually consicerably less than that 
of the national highways, conforming in this respect 
more closely to the dimensions ov American roads. In 
the Department of Haute-Savoie, for example, the 
specified minimum thickness is 0.20 meter or 7.54 
inches. ; 

Before the war the Departments were paying in the 
neighborhood of $8,000 per mile for roads of this class. 
It is estimated that this cost under present conditions 
will be tripled. The cost of maintenance, which in the 
prewar days was about $300 per mile, is expected to 
amount to $500 or $600 per mile this year. 

In many of the Departments all roads have |: tely 
been reclassified, and the departmental classification 


1 The rate of exchange in this conversion as in all others in this articl: is 4 
sumed to be 1 franc=19.3 cents. 




















THE CONDITION OF ROUTE NATIONALE 23, FRANCE, AFTER THE ARMISTICE. BOTTOM, THE SAME ROAD AFTER IT WAS 
RESURFACED BY THE ENGINEERS OF THE AMERICAN ARMY 











has been abandoned. Roads formerly in this class 
have been denominated main lines of communication 
and will be maintained hereafter by joint funds of the 
Departments and the communes. 


MAIN HIGHWAYS AND COMMUNAL ROADS. 

Roads of these classes, comprising the chemins de 
grande communication, the chemins d’intérét commun, 
and the chemins vicinaux ordinaires constitute the 
large majority, approximately 90 per cent of the total 
of 417,500 miles of road in France. 

As the national roads are designed to connect the 
principal cities of the Republic, so the main lines of 
communication connect the lesser cities of only local 
importance. 

The road surveyors, or agents-voyers, have charge 
of the construction and maintenance of these roads. 
In general, the costs are defrayed from the funds of 
the communes supplemented by grants from the De- 
partment, the latter paying as much as 55 per cent. 
The communes interested meet their quotas from their 
ordinary sources of revenue, or if this is insufficient, 
by a special small tax of a few centimes levied upon all 
whose names are enrolled on the direct tax list. In 
addition to the monetary taxes, the communes also 
exact three days’ labor per year of every able-bodied 
male inhabitant between the ages of 18 and 60, or in 
lieu of the labor a cash contribution at a regular rate 
per day. Ifa man is the head of a family he is respon- 
sible for the labor or prestation of every able-bodied 
male member or employee of his family as well as for 
every beast of burden and every vehicle which he 
owns, for these also are subject to the three days’ 
prestation. Public-spirited citizens often contribute 
to the construction of the roads by the free transfer 
of their lands for that purpose. In such cases, the 
value of such lands is deducted from the amount of the 
contribution due from the town. 


SPECIAL TAX ON HEAVY VEHICLES. 

One of the taxes levied by the French which will 
be of special interest to highway engineers in America 
is the special tax which is levied upon large industries 
whose business is such as to impose unusual wear and 
tear on the roads by their heavy traffic. This tax is 
known as the industrial subsidy. 

No special taxes are levied upon abutting property. 
In general, roads are constructed, not for the purpose 
of increasing property values, but to unite the towns 
and villages and facilitate their mutual intercourse 
and commercial relations. The Frenchman concedes 
that the creation of new roads adds to the value of 
the property traversed, but such increase is too varia- 
ble, he thinks, to ascertain with accuracy. Moreover, 
it is much less important than one would suppose on 
account of the great number of roads already existing. 
It is the exception where the construction of a new 
oad increases the value of abutting or contiguous 





If the owners of 


property to any notable extent. 
property wish to increase the value of their lands 
unprovided with roads, they construct them at their 
own expense. 


While the main routes are not departmental roads, 
but rather are supposed to belong to the communes 
through which they pass, the fact that they extend 
over several towns gives them an intercommuna! 
value which justifies placing them under departmental! 
administration. The closest American counterpart of 
the roads of this class are the State-aid roads of our 
States. For the reason above stated the roads of this 
class are placed under the administration of the 
Department prefect or governor, subject to the pay 
ment by the towns interested of the annual quota fo1 
their maintenance and repair. Estimates relative to 
the funds required for construction, maintenance, and 
repair are prepared annually by the Department road 
surveyors, and such estimates for the coming year are 
incorporated in the primitive budget established by 
the general council of the Department in its second 
session. At the first session in the year for which thi 
estimates have been made the council votes a suppl 
mentary budget to which are added the funds left ove: 
from the preceding quarter and the new receipts 
Expenditures for construction are approved by the 
prefect and paid by the treasurer of the Department 

The departmental accounts are settled annually, but 
the road accounts extend over a period of 14 months 
at the end of which the treasurer renders his accounts 
and vouchers showing the receipts and expenditures 
for the construction and maintenance of the roads to 
the cour des comptes at Paris which audits the ac- 
counts of the treasurers of all the Departments. 

The roads of general interest and the ordinary 
country roads which are comprised in the last two 
classifications are solely of communal value and con 
cern, except that where the commune requires aid 1 
keeping its roads in shape, it may receive aid from 
the Federal Government, or under rare conditions from 
the Department. Any balance which remains in tli 
funds derived from the regular and special taxes after 
the share of the commune in the cost of the main 
highways has been met is devoted to the construction 
and repair of the roads of lesser importance. There 
is, moreover, a provision allowing an extra day of 
prestation to be devoted to these classes of roads 

The agents-voyers do not concern themselves with 
the roads of this class; they are administered entirely 
by the mayors of the towns. On a smaller scale the 
machinery established to account for and expend 
town road funds is similar to that which has al! 
been described for the Department, the accounts of 
the town treasurer being verified annually by the 
council of the prefecture if the ordinary resources o 
the town do not reach the sum of 30,000 francs 
by the cour des comptes, if they exceed that sum. 


and 
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Like nearly all roads in France the main and lesser 
communal roads are generally surfaced with macadam, 
and are from 4 to 5 meters in width, with a minimum 
thickness .of about 6 inches. On the main roads the 
grades compare favorably with those of the national 
and departmental highways, and on the lesser roads 
the grades do not generally exceed 8 per cent, though 
occasionally an aclivity of 10 or 12 per cent is found, 
in which case the road becomes little better than a 
mule path, its outside width not exceeding 3 meters 
or about 10 feet. 


WAR HALTS SYSTEMATIC MAINTENANCE. 


The famous maintenance system to which America 
and the world have turned for a pattern of all that is 
best in road up-keep was totally disrupted by the 
war. Almost no attention could be given to the roads 
from 1915 to the end of 1918, except in the war areas. 
In such areas the effort was to keep the roads passable 
for army traflic, not, as in other days, to maintain 
them in perfect condition. Such neglect has been 
attended by its natural result. The roads, especially 
the national and departmental roads and the main 
lines of communication which have borne the brunt of 
the war traffic, are in a serious condition of disrepair. 
This is especially true in the neighborhood of army 
camps and in the environs of large industrial centers. 

Many of the Departments are now setting about to 
repair the damage which has been done and it is hoped 
that by 1923 the condition will be greatly ameliorated. 
The task is made more difficult than it was before the 
war by reason of the fact that while the traffic of 
heavy units has fallen off since the war, it has not, by 
any means, dropped to the prewar density. Heavy 
motor camions are now to be seen in far greater 
numbers than in former years, and the deterioration 
of the roads is expected to be more rapid than formerly. 


LABOR AND MATERIAL LACKING 


Necessary as it is that the work of rehabilitation be 
prosecuted with the utmost expedition, the Depart- 
ments are faced with the fact that the desired speed 
will not be possible to attain. Many of the canton- 
niers are not yet released from the military service. 
Labor to take their places and to augment the usual 
forces is scarce and expensive. Supplies of material 


have not been obtainable except at great difficulty, 
pariicularly because of the lack of enough railway 
cars. Before the war, machinery was not used in the 
consiruction of the French roads in any manner 
approaching the use which is made of it in America 
and !ngland. Now it is recognized as an essential to 
replace laborers and animals by mechanical devices. 


Already a number of the departmental councils are in 
touch with leading French, British, and American 
manulacturers looking to the purchase of equipment 
and machinery with which to carry on the war against 








the forces of road destruction. Indeed the recital of 
the difficulties which, for the French highway engineer, 
have followed in the train of the war, and the plans 
which are being made for the solution of the problems 
sounds to an American like a description of the situa- 
tion which confronts his own country. The problems 
of the two countries seem to be identical; the general 
lines of the solutions which are being worked out are 
similar; and it would seem that great benefit would 
result to the engineers of the two Republics from a 
more intimate interchange of experiences. 


PAY OF ENGINEERS AND LABORERS. 


Kngineers in public service in the United States will 
no doubt be interested in the scale of salaries paid to 
their brothers in France, listed in the following table, 
which applies to the Department of the Loire. 

Salary per year. 
. $2, 120-$2, 700 
1, 740— 2,030 
1, 060- 1, 740 

870- 1, 350 

695-— 1, 000 


Agent-voyer en chef (State highway engineer) .. - 
Agent-voyer d’arrondissement (district engineer). . . 


Agent-voyer cantonaux (resident engineer) 


Employés expéditionnaires (assistant engineers)... . 


Dames dactylographes (stenographers 


The salaries seem somewhat low in American eyes, 
but the numerous perquisities and allowances add to 
them materially, particularly if the engineer is so for- 
tunate as to have a family. Thus there is an annual 
allowance for traveling expenses which varies from 
$150 to $450. The annual quarters allowance is only 
from $20 to $60. But for his family the engineer 
receives a substantial gratuity for each child under 16 
vears of age. For each of the first two he receives 
For the third child the allowance is 
and 


$63 per month. 
$87 month, if he is blessed with a more 
numerous family he receives $93 per month for the 
fourth and each younger child. 
Wages of laborers have not yet reached the high 
levels attained in the United States, but they have 
greatly increased since 1905. Inthat yearroad foremen 
in the Department of Saone-et-Loire were paid only 
$16 per month, and laborers received $12 for a month’s 
work. The rates reported from the Department of 
the Loire for 1920 are $55 to $61 per month for road 
foremen and $46 to $55 per month for laborers. In 
addition the laboring forces also receive allowances 
If he is 
stationed in a large industrial city the chief cantonier. 
receives a monthly addition to his pay which varies 
from $3 to $7.30; laborers similarly situated receive 
from $2 to $6 monthly. The chief cantonier receives 
the equivalent of about $24 per year for his bicycle 
which he uses in making inspections, and if he makes 
a trip exceeding 20 kilometers on foot or 30 kilometers 
by bicycle, he is allowed 35 cents additional. His 
lodging is paid for at the rate of $1 a night, and in 
addition to all these, foremen and laborers alike are 
granted the same gratuities for family maintenance 


per 


similar to those received by the engineers. 
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which are extended to the engineers; in their case, 
however, only for children under 13 years of age. 


THE USE OF ROADS. 


The reports indicate that the maximum haul for 
produce or other commodities from the point of origin 
to destination, excluding rail and water haul, is about 
40 kilometers (18.5 miles). This is the maximum 
round-trip distance which may be covered by an ordi- 
nary team of horses in one day; the average haul by 
road is somewhat less. For distances exceeding 18 
miles the railroad is used where there is one. How- 
ever, since the railway strike a large number of indus- 
tries in the larger centers transport their commodities 
by motor trucks, in which case the haul is reported as 
much greater, but no definite limits are assigned. 

In some small towns and villages short roads have 
been constructed leading to the railway stations situ- 
ated near the towns, and in such cases it is the railway 
company which pays the cost of constructing such 
roads. 

The use of motor trucks has greatly increased since 
the transport crisis, and it is reported that the com- 
panies engaged in moving freight charge from 21 to 26 
cents per kilometric ton per kilometer, which is from 
31 to 38 cents per ton-mile, approximately. No esti- 
mate as to the actual cost to the companies was 
obtainable, nor as to the percentage of profit con- 
tained in their public prices. More indicative, per- 
haps, of real costs is the estimate given by the munic- 
ipal road service of the Department of Rhone. No 
profit being figured in the costs of operating and care 
of the municipal trucks, the actual cost to the munic- 
ipality is stated as averaging 3 francs per 44 kilometric 
tons per kilometer, which is about 20 cents per ton- 
mile. 

MARKING THE HIGHWAYS. 


The increased use of the roads by motor traffic 
during and since the war and the prospective influx 
of tourist traffic has directed attention to the impor- 
tance of a revision of the system of highway marking. 

The small iron signs which have heretofore been used 
have been suitable for low-speed traffic but will not 
do for a rapidly moving traffic, as the inscriptions are 
so small that they can not be read while cars are in 
motion, and at night they are often without the radius 
of automobile headlights. 

During the war the French and allied armies had 
recourse to striking signs with large letter inscriptions, 
painted on wood or canvas, or, whenever possible, on 
the walls of houses. These were placed at a proper 
height to be seen by drivers without difficulty by day 
or night. The direct result has been that the French 








Ministry of Public Works has decided to carry out the 
ideas developed through the war traffic: (1) By indi- 
cating noteworthy places, such as the names of towns, 
or dangerous places, and (2) by denoting the distance 
and direction to other places of importance. 

A circular issued in August, 1919, by the ministry) 
and addressed to all prefects of the departments, 
requires that the names of villages must be conspicu 
ously posted, on a post or the wall of a building, as fa: 
as possible, perpendicular to the axis of the road and 
on its right. 

A standardization of danger signals will result from 
the decision to use only the four signals adopted by th 
International Conference relating to automobile traffic 
held on October 11, 1909. The four signs indicate 
inclines, turns, road crossings, and railroad crossings, 
respectively, and they are to be placed at about 275 
yards from the danger point unless special conditions 
prevent. They are to be perpendicular to the road 
and on the right of the direction followed. 

Direction signs will be placed at the entrance to and 
exit from all hamlets, as well as at branch and cross 
roads. At road intersections there is to be a different 
signboard for each direction, containing only the fol- 
lowing information: (a) The name of the first place 
or village in the direction indicated, and (+) the name 
of the first important town in that direction. The 
latter name will be identical on successive posts until 
the town in question is reached. 
will be the distance in kilometers. The inscriptions 
are to be headed with an arrow and an abbreviation 
indicating the class of the road. All signs are to be 
placed so that they are within the radius of the lights 
of vehicles, and 6 feet 6 inches above the road if they 
are in a place where there is much pedestrian traflic, 
and 6 feet 3 inches high at the most if on a wall. The 
latter placing is recommended. 

The inscriptions are to be white on a dark-blue 
background, with the lettering at least 5.9 inches in 
height, except for danger signals. Numerals will be a 
little smaller than letters. Iror, varnished sheet iron, 
or wooden signs are authorized. Enamel signs are sot 
recommended, as they deteriorate too easily and are 
difficult to repair. Legislation is in preparation 
enabling the painting of signs on walls adjoining the 
roads, notwithstanding the opposition of the owner. 

In carrying out the arrangements for the placing of 
these signs care is to be exercised to safeguard good 
appearance; the signs are to be looked after, so that 
the inscription will always be legible, and old-style 
signs are to be suppressed if they conflict with the new 
ones. It is hoped that the entire program of marking 
the roads of the Nation will be completed by December 
31, 1921. 


Beside each name 
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SUGGESTIONS FOR IMPROVEMENT OF 
THE DEVAL ABRASION TEST FOR ROCK. 


By F. H. JACKSON, Senior Assistant Testing Engineer, Bureau of Public Roads. 


HIS Deval abrasion test is probably 
the best known and most widely used 
of the methods which have been de- 

veloped for testing the quality of road-build- 
ing rock. It has been in continuous use in 
this country for over 20 years and, in gen- 
eral, has been considered satisfactory for the 
purpose for which it was designed; that is, 
to measure the relative resistance of 
to wear or abrasion. 


rock 
In spite of this fact, 
however, it must be confessed that the method 


is weak in at least two particulars. In the 








first place, experiments made recently have 4/7 
indicated the possibility of a considerable 
error in results obtained due to variations in 
laboratory manipulation. For instance, Mat- V7 
timore, in 1917, reported? a series of results : Gy 
in which 10 tests on a sample of dolomite 








made in the same laboratory and by the 

















scm 








same operator but on different days showed 
& maximum variation in percentage of wear 
of 0.9 per cent. A corresponding series of 
tests on svenite showed a maximum variation 
of 1.3 per cent. In the same year Reinecke 
and Clark * in a paper before the society re- 
ported a maximum variation of 0.6 per cent 
on 17 duplicate sets of limestone, and a cor- 
responding maximum variation of 0.3 per 
In 
both of the cases cited, care was exercised 


cent on 7 duplicate sets of igneous rock. 


to insure, as nearly as possible, the use of 
identical material in all of the check tests. 
The variations noted are therefore assumed 


A T x re 
a rly ny | 
2) | | | 
| 
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to be due to laboratory manipulation alone. 
Results of tests made by the author along 








the same line are given in Table I. The re- 
sulls shown in the table were obtained from 




















tims to time in the course of the routine is 
Work of the laboratory of the Bureau of Public 
Roads and extended over a period of a year 
or | 
pre} 


FIG. 1 


re. No effort was made to specially 


re any of the samples. They were, however, all 


prepared by the same operator—an experienced man 


who has been engaged in this work for the past 18 years. 
These results indicate clearly the degree of accuracy 
which may be expected in a given laboratory and under 
averave normal conditions. It will be noted that the 


averace Maximum deviation for the four types ex- 


amine! amounts to approximately 0.8 per cent. This 


1 Paper read at the annual meeting of the American Society for Testing Materials, Asbury P 
2 Proceedings,¥Am. Soc. Test. Mats., Vol. XVIII, Part II, p. 415 


3 Tbid., p. 398. 
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EDGES ED ON MACHINE FOR PREPARATION OF SAMPLES 


would correspond, in the case of granite, trap, or other 
hard rock having, for instance, an average percentage 
of wear of 3, to a possible variation of from 12 to 16 
in French coefficient of 4 points. This is 
rather a serious error and calls for a greater tolerance in 


wear, or 


interpreting the results of tests than we have been in 
The principal rea- 
son for the discrepancies noted is the practical impos- 


the habit of considering necessary. 


rk, N. J., June 22-25, 1920. 
1918). 
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Sample Number. 


FIG. 2.—DIAGRAM SHOWING COMPARATIVE RANGE IN PERCENTAGE OF WEAR OF ROCK TESTED IN THE STANDARD AND SLOTTE 
ABRASION CYLINDERS 


sibility of securing by the ordinary method of hand- able length of time. As a matter of fact, it may be 
breaking a test sample consisting of 50 pieces all of the doubted whether it is even approximated in the ma- 
same size and shape. It is, of course, obvious that jority of laboratories. 

variations in either respect will affect the results ob- 
tained, particularly if the stone be unusually soft or 
brittle. The present standard method requires that a 
sample of rock for the abrasion test shall weigh within 


TABLE I.—Con parative results of abrasion tests using standard 


Pp o posed ie thods. 


| 


Percentage of wear by stand- | lercentage of wear by pr 
- - . d method thor 
4 10 g. of 5,000 -. and shall be composed of 50 pieces of — er 
freshly broken stone of as nearly the same size as pos- {est Type of | eat. | " 
sible. While no reference is made to the shape of the ee, ei feee 
pieces, the assumption has always been that cubical ais 
fragments should be prepared. It has been the eee 7 BAM re | F ot oe 
; . A . iranite 1.0 ; 6 3 0.5] 6.1 5.8) 5.7 ) 
author’s experience that such 4 sample is extremely BS hiaeaStnse--f BS) £0) OS), 271/861) O97 BO) 2) 6 
. ‘ ar. 3.0 3.3 2.9 5 b % 0 ‘ 
difficult to prepare in the ordinary manner in a reason- Ale” ea) cal Sel eel aae eal eal ael f3 
. . 2 dao ‘ 2.9 2 2. € 2.7 { “a _ 5a « 
6 Limestone 5.9) 6.3) 68) 63] 69) 12.0] 12.3 | 12.4] 12.2 { 
eer 9.3 10.8 10.6) 10.2 1.5 | 29.4 | 29.0 | 29.6 | 29 
| | | | | | | 8 Sandstone 5.8 6.7 7.0 6.5 1.2 13.1 13.0 13.3 1 
—t—}— fff fp 7 2 heeled — 
Pea Bah em ; | | Average .|...... , 2 Ie a | OP esl |e Lr ( 
>. a a eS oe oe 
i ; +t 
= } 
S i USE OF FORCING PRESS. 
> ~ . . 
3 oa | ! Appreciating the need of a more rapid as well & 
S © Granite | accurate method of preparing samples, the labor: tory 
2 o Limest ' . se 
= res of the Bureau of Public Roads has been for some tim 


experimenting with a forcing press equipped with 
suitable knife edges for breaking stone. It was firs 





oe-enmMeMereGo-awne wo ~ oo - e e oa. 

ee eeree ceca a used by the laboratory in the preparation of granit 

; ; : P j 

Difference, P -P paving block samples for test because it was ‘ouné 

: FIG. 3.—RELATION BETWEEN COEFFICIENT OF HARDNESS AND that the variations obtained when specimens wer? 

S DIFFERENCE BETWEEN THE PERCENTAGE OF WEAR AS DETER- YE ee ae sciaiaiilin e of 
3 aR BY THE STANDARD METHOD AND WITH Tht SLOTTED hand-broken were so great that the results were 






4 CYLINDER, little value. It has a capacity of 20,000 p unds, 
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CURVE SHOWING THE RELATION BETWEEN 


FIG. 4 


which is sufficient to break an ordinary standard- 
size granite block. By the use of this machine, 
small cubical fragments of the size desired may be 
prepared conveniently from practically all types of 
rock with the exception of some traps and the very 
highly foliated or laminated varieties, such as gneiss 
and schist. With these types it is always a question 
of doing the best possible with the material in hand. 
A standard sample prepared in the above manner will 
consist of 50 pieces, approximately cubical in shape, 
each of which should weigh from 85 to 115 grams. 
Results of tests on samples of different types of rock 
prepared in this manner and compared to tests on the 
same materials prepared in the usual way are shown 
in Table I. 

The Deval test has been criticized also from an- 
other point of view. In a paper presented at the 
1915S annual meeting of the American Society for 
Testing Materials, Scofield‘ called attention to the 
action of the so-called ‘‘dust cushion’ on the inside 
of the abrasion cylinder. He showed that in elimi- 
hating this cushion by removing the dust of abrasion 
during the test, a much greater range in values could 


ceedings, Am. Soc. Test. Mats., Vol. XVIII, Part LI, p. 417 (1918). 
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be obtained, especially among the softer rock types. 
Other investigators working along the same line had 
Indeed, 


the present method is so obviously wrong in principle 


independently reached the same conclusion. 


it is remarkable that it has not been changed before. 

In regard to the elimination of this ‘‘dust cushion”’ 
the author sees no better way than to simply mill a 
series of longitudinal slots in the standard abrasion 
cylinder through which the dust may escape as fast 
as it is formed. The slots adopted by the Bureau of 
Public Roads laboratory are 14 inches apart, center 
to center, and one-sixteenth inch wide. <A evlinder 
slotted in this manner has been in use in the laboratory 
for a number of years. The exact spacing or length 
of the slots, however, apparently makes very little 
difference in the actual results obtained, provided 
there are a sufficient number of openings to permit all 
of the dust to escape. 

Several other suggestions in the way of improving 
this test, such as the use of small shot as an abrasive 
agent, a graded instead of a one-size sample, etc., 
have been offered from time to time. 
will be briefly discussed in the conclusions to this 


Some of these 


paper. 






















TaBLe I1.—Results of comparative abrasion test for rock. 





Per Per- 
" eee centage centage soe, 
No Type of rock. — rough of wear, of wear, Dit i 
, ; —_ standard | slotted once. 
test test. 

Si, Seer 18.7 ) 1 2.4 0.8 
SB ivacad do 18.7 ae 2.0 2.4 0.4 
3 .-do. 18.0 32 2 0 1.0 
4) Granite..... 19.0 10 2 5 0.3 
5 | Trap.. 18.5 | 13 0 3.8 0.8 
GO leccev =e 17.3 21 7 3.9 Lo 
7 .do. —— 2.7 4.0 1.3 
8 | Granite. . 18.0 14 1.4 1.0 0.6 
| Se =< 18.7 10 7% 4.2 0.5 
10 See 18. 0 Lt 3. 2 1.2 1.0 
11 | Trap..... 18.0 26 2.3 1.2 1.9 
12 | Granite... 18.0 i) 3.6 41.2 0.6 
Be tkaced ea 18.7 13 3.3 1.3 1.0 
eS “ae 18.7 10 3.5 | 14 0.9 
15 | Quartzite........ 18.7 16 3.4 1.5 1.1 
16 | Granite... .... 18.7 i) 3.4 | 1.5 1.1 
=. aa ‘ 18.7 10 3.5 4.5 1.0 
li: == 18.0 20 2.8 1.6 1.8 
19 | Granite....... 19.3 1! 3. 6 | 1.7 1.1 
a eee ; 18.7 10 3.4 1.7 1.3 
6 ee ee 18.0 10 3 5.0 1.2 
22 | Quartzite...... 18.7 17 23 5.1 1.8 
23 | Limestone.. 17.2 l 3.5 5.1 1.6 
24 = a 17.3 3.3 5.6 2.3 
25 | Granite..... 16.7 8 3.2 5.6 2.4 
26 . ea 17.3 7 1.2 5.6 1.4 
ck, a 18.3 18 3.2 5.8 2.6 
28 | Granite..... 17.3 7 4.2 5.9 1.7 
TD bo ccas do.. ; 16.7 8 ‘1.3 5.9 1.6 
cn ns . 7 1.4 5.9 1.5 
= ‘ eogiat 18.0 a) 1.3 6.0 1.7 
aS See 16. s 1.5 6.1 1.6 
ta Se 18. 0 Ss 5.2 yA 2.0 
34 | Limestone... ..-. 15.0 10 3.4 7.7 4.3 
35 | Sandstone. .. 16.7 s 4.3 8.0 3.7 
eb Pe iicc scene 16.7 9 1.0 8. 6 1.6 
37 | Limestone..... 17.3 15 4.8 8.8 4.0 
Ee See 12.3 6 3.3 9.3 6.0 
5 do. 16.0 8 6.0 10.2 4.2 
OP lwuees do 12.3 6 4.7 10.4 5.7 
OF licapticecdese 13.9 8 5.3 10. 6 5.3 
42 | Granite..... . 18. 6 6.8 10. 6 3.8 
43 | Limestone.... 15.7 ) 5.4 10.7 5.3 
io 15.0 7 o. 9 11.1 5.2 
16.0 6 6.8 11.4 1.6 
16.5 6 7.0 11.7 1.7 
12.1 9 6.2 12.2 6.0 
13.3 7.0 12.2 5.2 
12.7 4 5.9 | 12.9 7.0 
13.5 6 5.6 13.0 7.4 
15.9 6 8.3 13.4 5.1 
14.3 7 7.0 13.8 6.8 
12.0 7 7.4 | 16.8 9.4 
10. 2 7 6.9 | 19.1 12.2 
11.0 5 8.5 | 22.9 14.4 
8.0 5 10.8 27.6 16.8 
4.0 4 10.8 31.4 20. 6 





DISCUSSION OF RESULTS OBTAINED. 


The work covered in the following discussion was 
carried out, therefore, with two primary objects in 
view: 


1. To determine how variations in the results of 
tests due to laboratory manipulation may be reduced: 

2. Te determine the comparative range in values 
obtained with and without the ‘dust cushion.” 

The results of a number of tests made on samples 
prepared by machine and tested in the slotted abrasion 
cylinder are given in Table I, and may be compared 
to the values obtained in the ordinary manner and to 
which reference has already been made. It will be 
noted that the average maximum deviation of 0.8 per 
cent observed with the standard method has been 
reduced to 0.3 per cent by the use of machine-broken 
fragments. The individual losses, on the other hand, 
have been increased in varying amounts due to the 
elimination of the dust cushion. Tests in the closed 
cylinder using machine-broken fragments showed 


slightly lower average results than with the standard 
method, no doubt due to the absence of wedge-shaped 
or flat pieces which frequently find their way into a 
The results of a 


sample prepared in the usual way. 








number of tests on a large variety of rock types are 
given in Table Il. These results are plotted in figure 
2 in the order of their loss by abrasion in the slotted 
cylinder. They are of interest in showing the rela- 
tive effect of the dust cushion as measured by the 
hardness of the rock. This relationship is plotted 
in figure 3 in which the hardness of the stone deter- 
mined by the Dorry hardness test ® is plotted against 
the difference, P-P’, between the abrasion loss in the 
slotted and in the standard cylinder. Taking into 
account the fact that all of the test results given in 
Table Il were obtained on samples hand-broken in 
the usual way and are liable therefore to a possible 
error of nearly one per cent, the relationship is fairly 
well defined, and shows clearly the value of using the 
slotted cylinder in differentiating between the wearing 
qualities of the softer types of rock. 

In figure 4 are plotted the results of a number of 
tests made in both the standard and slotted abrasion 
evlinders in which the loss by abrasion was determined 
at the end of each 1,000 revolutions. A comparative 
run was made also in each case using six 14-inch cast- 
iron shot an abrasive agent. These tests were 
made in order to determine the practicability of accel- 
erating the wear by means of an abrasive and at the 
same time speeding up the test by cutting down the 
total number of revolutions. According to the re- 
sults shown in the figure it would appear theoretical], 
possible to obtain about the same loss at the end of 
2,000 revolutions when shot are used as would be 
obtained at the end of 10,000 revolutions without 
the abrasive. As a matter of fact, however, experi- 
ments have shown that the gain in time thus effected 
would be more than counterbalanced by the resulting 
loss in accuracy. It has been found impossible to 
obtain check tests closer than 1 per cent when an 
abrasive is used, due probably to the breaking up of 
the fragments composing the sample under the action 
of the shot. This action makes the test a measure of 
toughness rather than of resistance to wear. Inas- 
much as the amount of this action would depend to a 
large degree on the prevalence of insipient fractures or 
minute seams in the rock which would not affect the 
value of the material in road construction, the use of 
an abrasive is not recommended. The effect of these 
minute fractures which frequently can not be detected 
by the eye has been noted in connection with the 
standard test for toughness of rock’ 

The following conclusions may be drawn: 

1. Results of the standard Deval abrasion test 
conducted in the usual way are accurate to wit! 
1 per cent. 

2. The difficulty of properly preparing samples |) 


as 


as 


i! 


Vv 


hand in a reasonable length of time is the principal 
reason for the discrepancies in results observed. 
3. Samples may be prepared conveniently and 


accurately by means of the machine described in t!il 
paper. 

4. The range in values of percentage of wear is 
greatly increased by the use of a slotted cylinder 


S 


which permits the dust of abrasion to escape as fast 
as it is formed. 
5. In general, the difference between percentag: of 


wear as determined in the standard and in the slotted 
cylinder increases as the coefficient of hardness of the 
rock decreases. 


6 Bulletin No, 347, U. 8. Department of Agriculture, p. 6. 
® Proceedings, Am. Soc, Test. Mats., Vol. XVIII, Part I, p. 414 (1918). 
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THE CHARACTERISTICS OF STEAM 
DISTILLED PETROLEUM RESIDUALS 


By B. A. ANDERTON, Chemist, Bureau of Public Roads. 




























N THE interpretation of the results of tests on bitu- 
minous road materials, it is well understood that a 
given set of values must be considered as a whole; 

in other words, the significance of almost any result 
is dependent upon other results or combinations of 
them. So in the preparation of specifications, the : 
selection of suitable requirements to secure the de- 
sired materials must therefore be done with the influ- 








ence of other requirements always in mind. We have +0 1 
all seen specifications for asphalts and road oils with ; -- 
which ho commercial product could possibly comply = ’ % 
. on account of some unattainable requirement. a ; 
The writer is not aware that there isin the literature  <£ 
on bituminous materials any great amount of data on c 
the relationships between the various tests with re- © 4 
gard to the types of crude petroleum involved, and as ° 3 
particularly as affected by the variations in process of 
manufacture. With the experience of many years’ 
testing of bituminous materials, some general con- C 7 
, 
: : 
Af 
| 18 ;-—— on ae 
r cy 
: I6 * = oe ee Se 
M 99 00 0 02 1031.04 105 106 
') Ss pecific Gravity 25/25 C 
. : ERISA ASEHALTS 
a 
r ; clusions have been well brought out: as, for example, 
1e - } the relatively high specific gravity, insolubility in 
if et petroleum naphtha, and percentage of fixed carbon of 
‘| / products from Mexican petroleum; also, the relatively 
e low ductility, high melting point, and high insolu- 
bility in naphtha of blown oils. But, in general, it is 
6 quite difficult to correlate available data in order to 
aS demonstrate specific relations along these lines, and in 
- this paper the writer will endeavor to make some con- 
= ¢ ++ tribution to the subject which, while not entirely new 
al material, may be of interest as setting forth in a 
definite manner the significance of some of our present 
id 7 tests. 
’ The opportunity to study the characteristics of 
is petroleum residuals in this manner comes as a result 
er CALIFORNIA | | of the operation of a small experimental refinery by 
st \ a Se a the United States Bureau of Public Roads. A num- 
| | | | | | | | | © ber of runs have been made, all of which up to the 
: dl ee 39 40 0 present time have involved steam distillation. Three 
1e culltink sual ee ikea: ete pamekess typical crude petroleums have been used from Cali- 
"OF DISTILLATION. fornia, southern Texas, and Mexican fields, respec- 
1 Paper presented at the annual meeting of the American Society for Testing Materials, Asbury Park, N. J., June 22-25, 1920, 
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tively, whose important characteristics are shown in 
Table I. During each distillation steam was passed 
through the still at such a rate as to maintain a fairly 
constant ratio of water to oil distillate in the flow from 


the condenser. These ratios were as follows: 





Petroleum. California. Texas. Mexican. 
ke oe 1 2 3 { 5 6 7 
Average steam ratio.... 0.69 1.21 0.92 0.75 0.55 0.65 x 

, 
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FIG. 3—MELTING T OF CALIFORNIA N MEX 
ASPHALTS SHOW ; EATE x 
PRODUCTS 
TABLE T.—( haracteristics of crude petrol um as sho 1 by tests on 
three typical petroleums. 
I yleun ree 
Propert 
Califor Tex Me ) 
<ern River. Sour | ] 
J r 
Water, per cent by volume... aro 6.0 0. ¢ 2.9 
Specific gravity 25°/25° C............ : 0. 965 0.9 0). OSS 
Flash point, degrees centigrade bs p 115 54 52 
Burning point, degrees centigrade i22 110 
Specific viscosity, Engler, 25° C..... 22. § 
Specific viscosity, Engler, 50° C.. 5. 2 
Specific viscosity, Engler, 100° ¢ 2. 82 1.60 
Float test, 32° C., seconds........... : re a ; 10). ¢ 
Float test, 50° C., séconds.......... ; 8. ¢ 26. 5 
Float test, 70° C., seconds ......... - ‘ 6. E 1f 
Loss at 163° C.. 5 hours, 50 g., per cent... 8. 7E 15.70 11.7 
Float test residue, 50° C., seconds..... 20.8 1.9 78.7 


Float test residue, 70° C., seconds 


Bitumen insoluble in 86° B. naphtha, per cent. - 3. 4 0.31 21). 09 
Fixed carbon, per cent............... 3. 58 1.38 10.77 
Organic matter insoluble, per cent... 0.01 0. 07 0.09 
Inorganic matter insoluble, per cent 0.0 0.06 00) 
fotal bitumen (soluble in CS), per cent 99. 99 99. 87 99. 91 


As distillation samples were taken 
systematically from the experimental still and tested, 
following the standard methods of the American 
Society for Testing Materials whenever they were 
applicable. Otherwise tests were carried out accord- 
ing to the methods in use by the Bureau of Public 
Roads.‘ It can readily be seen that these series of 
samples, all produced from the same still-charge of 
petroleum, and representing the changes in charac- 
teristics of the residuals taking place as the distilla- 


proceeded, 
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figure 1, representing 


specific VISCOSITY and float tests of residues secured 
in one distillation of California petroleum, may be 
shown. Abscissae indicate the percentage of the 


crude remeved as distillate or, 


percentage of residue 


typical, not only of 


other test results, bi 


on the seale viven, the 


in the still. These curves ar 


the graphical representation of 
it With 


of other crudes. ver) 


few exceptions, a smooth curve can be drawn with 


such plotted points 
of the two variables f 
Within 


the 


Spee 


representing the actual relatior 
airly well. 


of the present paper it will b 


possible to discuss only the most probiuinent relations 
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which have presented themselves as a result of the 
work so far, which, as may be mentioned again, has 
dealt entirely with steam distillation. The samples 
examined should be considered as typical of their 
type; and little attempt will be made to discuss the 
test results theoretically, or to derive mathematical 
relationships, as it is felt that the scope of the avail- 
able data is at present too limited for discussion of 
that nature. The data are pr sented eraphically, 
requiring in most cases little explanation or comment. 

Tests have shown Clearly the greater density of 
Mexican asphalts. In figure 2, asphalts up to 200 
penetration produced from the Mexican petroleum 
have a specific gravity of about 0.02 to 0.03 higher 
than for corresponding California products. It will 
be noted that there is a distinct difference in the two 
curves 6 and 7, although in both runs the crude was 
the same Mexican petroleum. This may be explained 
by the use of a greater volume of steam during dis- 
tillation 7. 

In figure 3 the greater specific gravity of Mexican 
asphalts than of California asphalts for a given melting 
point is shown. The difference is more significant 
when it is borne im mind that a California asphalt of 
the same melting point is considerably harder at nor- 


mal temperature, as will be shown later. In figure 3 
it has seemed best to represent the relations as straight 
lines, owing to the small number of paints and having 
in mind the accuracy of the tests. The divergence 
between the two Mexican series is again noted. 
Considering the percentage of fixed earbon in 
Mexican, California, and Texas residuals, figure 4 
will show the high percentage for Mexican products, 
increasing slowly with specific viscosity at 100° C 
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THE DEVELOPMENT OF FIXED CARBON IN STEAM 
DISTILLATION. 








0 12 : 4 16 18 


32 | 





~ 
~ 


20 


\ 
@ S 


Cc 
a EE Ee 


Percent Insoluble In 86°B Naphtha 





14 
Le 
‘ >y |_| 
mo 
y if 
C a f + af dl 
4 
j od 
é ot + 4 
A@'of 
% [- 
ve 6 8 i e 6 18 20 
Fixed Carbon 
N 1D 
THA 
The Texas residuals increase rapidly in fixed carbon, 
but it is of interest to note that the final point on 
this curve represents a residue of only 20 per cent 
of the erude oil, att ed at high still temperature. 
Tne Texa petroleum W tuld produce by steam dis- 
tillation alone only small quantity of residuals 


sultable for road work, and most likely of an inferior 
quality. 

The higher fixed carbon for Mexican asphalts of 
less than 200 penetration is demonstrated in figure 5. 
Comparison with figure 2 will show that the form and 
relation of the two Mexican curves is similar, indi- 
cating a closer relation between specific gravity and 
fixed carbon. 

An interesting relation which apparently is inde- 
pendent of the type of oil used, and which may point 
out the specific value of the fixed carbon test, should 
be discussed at this point. If the percentage of 
fixed carbon for successive residues is plotted against 
the percentage of residue, as in figure 6, it is noticed 
that in general the plotted points show a tendency 








180 






| 


| 


Float Test 50°C.(Seconds) 
t 


.; oon 3 4 5 6 ar 
Percent Insoluble In 86°B Naphtha 
FIG. 8—THE NAPHTHA INSOLUBLE OF FLUID TEXAS AND CAL 
FORNIA RESIDUALS 


to lie along the curve of a hyperbola. Also, by multi- 


plying the percentage of fixed carbon by the per- 
centage of the still charge represented by the corre- 
sponding residue, the series of values 
IT is obtained. 


shown in Table 





TABLE II. Product of fixed carbon by perce ntage re sidue of still charae 
California Texas. Mexican 
Designation of residuc 

1 2 4 6 7 
4.15 3. f $52 1.68 138 11.48! 10.80 
4.17 3. ST 4.40 1.72: 1.34 11.58 | 10.75 
3.99 | 3.87 4.8] 1.74 1.39 11.42] 10.95 
3.99 | 3.83 4.79 1.71 1.32 11.66 | 10.93 
3.89 , RS 4.48 1.64 1.32 11.46) 11.€8 
3.75 | 3.80 4.70 1.54 1.36 11.17 10.79 
3.79 | 3.64 .75 | 1.56 | 1.31 11.18 | 10.55 
3 76 | 4.74 | 1.57 | 1.25 | 11.27 | 11.06 
ee 3.59 | 4.82 1.52) 1.28 11.1) 11.26 
3.52 | 4.64 1.45 1.31 11.08 | 10.86 
3.06 146% 1 1.96 | $.36 |...<.<. 10. 91 
S.89 | 4.68 | 1.30 )| 1.2 |....... 10.71 
3.60 | 4.49 1.45 | 1 26 10.92 

ee ieseuae 1.4] 2 eee F 

lesaone'y Oe Lvccwanl Soe 1.35 
wemean 3.44 1.46 | 1.35 

woe = Bee 3 Seer ae 
BHURTEED ..< cnssevecee 3.96 | 3.66 | 4.65 1.53 | 1.32 11.34 | 10.91 
I IIORIINIIEL, 6 0 5.cce noose sacecaes 13 14 12 11 .04 18 12 
Maximum deviation...............- 23 29 25 21 0s 32 . 36 
It will be seen that for all distillations the values 
for a given run are practically constant. Judging 


from the deviations from an average value, they are 
as constant as should be expected with the fixed 


16 


carbon test. Accepting the constancy of the product, 


the relation may then be expressed by the equation 


RC, = 100 C 


100 


where Cy is the percentage of fixed carbon of a steam 
distilled petroleum resudual, which is R_ per cent 
of the original having a fixed carbon of Cio) per cent. 
In this connection it may be noted that subsequent 
work 


air-blown has 


the 


in which residuals have been 


that 


centage of fixed carbon. 


shown blowing materially increases per 
In figure 7 the veneral tendency of the fixed carbon 
and percentage of bitumen insoluble in 86° Baume 
naptha to increase together is shown. 
The proportional rate of increase for a oly en material 
however, evidently varies quite widely, and in this 
curve, as in some others involving naphtha insolubl 


it is indicated that at some point in the distillation, 


reactions begin within the petroleum, gradually 
increasing in importance as the temperature rises, 
which result in the actual formation of bodies of a 


this evidenced 
when the naphtha insoluble is plotted 
float test at 50° C, 

The reversal of curvature is quite striking in this 
If the the 


verses is estimated from the graphs, and taken at 


asphaltic character. Particularly is 


in figure &, 


against consistency by the 


diagram. point at which curvature r 


float test of 30 seconds for the Texas, 
in 


and 60 seconds 
the California, it may be of interest 
to add that the temperature of the Texas oil at this 
point in the distillation was 295 to 300° C., while the 
California oil had a temperature of 250 to 260° C, 
That some asphaltic products soften more readil\ 


the case of 


upon heating than others and that this suscentibilit) 
to heat may be rreatly modified by Varlation In the 
pr of understood facts 
In specifications for paving asphalts, therefore, vario 
of requirements for 
ductility, penetration at 0 :e. 


manufacture, well 


CesSs 


are 
combinations melting 


etc 


point 


or together 





with the consistency at normal temverature, are 
T 
60 } 
co 
ov 
Lis] > 
cu | 
mn 
+ 56} 
c 
ov 
=) 
” 
v 
aa? 
252 
L=4) 
ao 
a 
= 
546+ 
a 
Los) + 
+ ~™ 
@ 44} } p< ++ 
x 
r + 
40} 
| } | os 
+ + 4 4 ; + 4 a 4 } 
| | | | 
oS 2 ae A ae auee 
20 40 60 80 100 20140 160 18 
Penetration 25°C 
FIG, 9—THE MELTING POINT OF MEXICAN AND CALIF : 


ASPHALTS, 









eas Soe 

‘ i AAR Eee | 
20 40 60 80 100 20 140 = 60 8020022020 
Specific Viscosity, 100°C 


FIG. 10 THE FLOAT TEST OF TYPICAL FLUID RESIDUALS 


utilized to secure a material having suitable qualities 

a for the particular work in hand. The variation in 

s, hall and ring softening point for typical Mexican and 

' California asphalts is shown in figure 9. 

d Another test which, though looked upon usually as 
a consistency test, is not often utilized to investigate 
susceptibility to temperature, may be used to advan- 

‘is tage on a wide range of products. This is the float 

mn test. That this test is essentially a test of viscosity is 
made apparent by the great similarity of the curves 

ds shown in figure 1. The results of the float test are, 
st however, greatly influenced by the way in which the 

‘is material tested softens on heating, and consequently, 

he as the bath temperature is set at a higher point, the 
test becomes more and more a measure of the sus- 

ih ceptibility of the material. It may be considered as 
ti giving a measure of viscosity combined with suscepti- 
le hilitv. Figures 10 and 11 will illustrate this. In 
io | figure 10, the California, Texas, and Mexican products 
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show a decreasing susceptibility, in this order, by 
having a lower float test at a lower temperature for 
the same specific viscosity at 100° C. 

A large number of float tests have been made at 
70° C., in order to secure data on the change in con- 
sistency over a wide range of products, especially to 
cover the range of consistency where the viscosity 
test at 100° C. or the penetration at 25° C. 
readily applicable. 
harder asphalts indicate 
bility of the California produce 
figure 11. 

As the penetration increases, 


is not 
The results of these tests on the 
also the greater suscepti- 


ts, as may be seen in 


the difference in float 
test becomes more marked; at 35 penetration the 
Mexican asphalt gives a float test twice that of the 
California asphalt. 

It will be realized that the relations which the writer 
has tried to bring out graphically represent data com- 
piled from typical petroleums only, and that the 
characteristics of residual oils and asphalts may be 
greatly modified by changes in method of refining. 
In the writer’s judgment, two features—the signifi- 
cance of the fixed carbon test in relation to the prog- 
ress of steam distillation and the development of the 
float test as a measure of viscosity and susceptibility 
to temperature changes—should prove the two points 
of greatest interest and value resulting from these 
tests. 


INDIANA ROAD CONSTRUCTION 
ARDIZED. 


Uniform road construction is expected throughout 
Indiana as a result of an order issued by the State 
highway commission requiring the standardization of 
road plans and specifications for county highways 
which are subject to the approval of the commission, 
The regulation became effective July 1 and covers all 
county road projects submitted to the commission for 
approval. 

The regulation is similar to the Federal order re- 
quiring the use of standardized plans and specifica- 
tions by the State for all roads for which Government 
aid is expected. The action of the commission ex- 
tends the use of the approved standards to the roads 
which will be built in Indiana under the provisions of 
the county unit road law, by which the State shares 
the cost. | 

Officials of the commission have compiled the stand- 
ards for the Indiana roads, which are identical with 
the requirements made of the State by the Federal 
Government. The standards will apply to all county- 
aid projects proposed under the State highway law, 
the county unit road law, and the free gravel road law. 

Many counties of the State already have adopted 
the commission standards voluntarily to keep their 
road construction up to the specifications prescribed 
by the Federal and State engineers. 

Members of the commission, in discussing the regu- 
lation, declared that it will have the effect of standard- 
izing road construction throughout Indiana. 
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GOOD PROGRESS IN IMPACT TESTS. 


HI investigations now the 
Bureau of Public determine the 
forces exerted by motor trucks on roads are 


being made by 
Roads to 


Various sizes 
of trucks have been used in these tests varying from a 
l-ton truck up to a 74-ton truck carrying an excess 
load. 


showing some very instructive results. 


The truck is run over a special device for pro- 
ducing artificial impact conditions and the impact 
pressure is measured through the deformation of 
specially prepared copper cylinders. The blow of 
the truck deforms the copper cylinder and the magni- 
tude of the blow is expressed in pounds required to 
deform the cylinder, the latter being determined in 
a testing machine. 

Recent tests were made with a 3-ton Packard truck 
loaded with a 44-ton load so that the total weight 
on each rear wheel was 7,000 pounds, the unsprung 
portion being 1,700 pounds and the sprung portion 
5,300 pounds. The truck was equipped first with an 
old solid tire that had been worn down to a thickness 
of 1 inch. Then, with exactly the same load on the 
truck, a wheel was used fitted with a new solid tire 2} 
inches in thickness. And finally, the truck was 
equipped with pneumatic tires 42 by 9 inches inflated 
to a pressure of 142 pounds per square inch. The 
following table shows very clearly the bad effect an 
old tire is likely to have on a road surface and the 
comparative lack of impact when trucks are equipped 
with pneumatic tires: 


\pproxi- : 
ite Height Old tire. New tire. | 7 neum tic 
speed. tire. 
Inch 2 
5.7 2 11, 609 9, 400 7,100 
10.2 2 18, 500 14,100 7,800 
14.6 2 26, 500 18,700 3,300 


The question of impact is one of very great interest 
to those who are called upon to decide upon road 
design, and it is probable that the results of these 
tests may lead to a rational basic for determining 
license fees. 


IMPACT ON SURFACES OF DIFFERENT TYPES. 


A number of slabs have been tested by means of a 
machine designed to give impact conditions resembling 
those on the rear wheel of a heavy truck. The un- 
sprung portion of the weight of this machine is 1,500 
pounds and the sprung portion weighs 6,000 pounds. 
The test is made by raising the unsprung weight 
through a height of one-eighth of an inch, allowing 
it to fall 500 times, then to a height of one-half inch 
with 500 repetitions, then three-eighths inch more in 
height, and so on until the slab fails. Up to date 





about 12 slabs have been tested when laid on a rather 
wet subgrade and there is a surprising difference in the 
strength of the different types of pavements tested. 
Thus, the total number of blows required to cause 
failure have varied with the different slabs from 67 
up to almost 2,000. It is expected that a detailed 
account of the results of these tests will be published 
toward the end of the summer. 


RELATIVE WEAR OF DIFFERENT PAVEMENTS. 


The bureau is making a study of the relative wearing 
qualities of different types of pavements and ‘tests 
have about been completed on a short section of pave- 
ment containing 49 different types subjected to the 
wear of a special truck equipped with five large cast 
iron wheels. The results of this investigation are ver) 


instructive and bring out very interesting 


The 
relative wearing qualities of hard as compared with 
soft brick are brought out 
The relative 


many 


points in connection with pavement design. 


very distinctly in this test. 
resistance to wear of various kinds of 
stone block sections Is also shown up to sood advan- 
tage. A chance to compare grout and asphalt fillers 
for both brick and stone block is furnished by this 
investigation. Likewise, the relative wearing qualities 
of concrete when mixed with various kinds of coarse 
aggregates is indicated. Results of this test are also 
being worked up in a paper to be published within a 
very short time. 


INVESTIGATION OF SUBGRADE MATERIALS. 


The investigation of subgrade materials started a 
few months ago with the cooperation of the district 
engineers and State engineers is proceeding at a very 
satisfactory rate. A number of samples have been 
received from various parts of the country and labora- 
tory analyses of many of these samples are partially 
completed. The methods being used by the Division 
of Tests have been described and will shortly appear 
as a paper so that any other laboratories wishing to 
conduct similar investigations may have some guide 
as to the method of procedure being followed by the 
Bureau of Public Roads. 

The samples analyzed have been taken from purts 
of the roads that have failed very badly as well as 
from adjacent parts of the same roads that have 
withstood heavy traffic successfully. It is hoped that 
by a comparison of the laboratory rejults on these 
samples with the reported behavior of the road 10 
differences in vill 


hat 


service the subgrade materials 
become apparent so that we will be able to say 
physical characteristics soils must possess to give 
them high bearing value. 
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PHOTOGRAPHIC HINTS FOR ENGINEERS. 


By JOHN K. HILLERS, Jr., Photographer, Bureau of Public Roads. 


QO MANY and 


impor- 





tant are the uses of 

photography in con- 
nection with engineering 
works that the camera has 
become almost as essential 
as the transit as an engineer- 
Indeed, it 
ean often be made to do 


ing instrument. 


much of the work of the lat- . - 


* 





ter instrument, as witness ee 
the part it plaved in France 

in the mapping of the bat- 

tle-front . 
use has been made of it in 


areas. No creat 


this way in connection with 
highway work, but the writer 
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is not at all convinced that 
it has not valuable possibili- 
ties Which have so far been 
overlooked. Just a sugges- 


tion of its usefulness in mak- 





ing reconnaissance surveys 
is contained in the pictures 
reproduced on this page. 
\s for its value in recording 
details of construction for 
the illustration of engineer- 
Ing reports, as a means of 
studying the causes of deteri- 
oration of engineering struc- 
tures by preserving a record 
of the appearance of the 














structure at various stages 


of failure, and as a means TOP, A GENERAL VIEW OF OREG tAL-A 
' ARY ) 19% BEFORE WORK WAS STARTED, LOCATION SHOWN BY 


PHOTOGRAPHED ON JAN 


of picturing the tangible re- DOTTED LINE. BOTT 
sults of engineering vision 

these uses are too well understood by the engineering 
profession to require any dwelling upon. 

But though practically all engineers appreciate the 
Value of the camera as an aid to them in their daily 
Work, there are many, unfortunately, who fail to 
make the most of it, largely for the lack of a working 
understanding of a few simple principles. In_ this 
article the writer will not attempt to do more than 
call attention to these principles, the application of 
Which by engineers generally will go far to improve 
the character of engineering photography. 


STUDY THE LENS. 


‘he most important part of any camera, of course, 
is the lens. It is the eye of the camera, and, like its 


human counterpart, it has its limitations. Not only 


are differences in performance to be expected of lenses 





T NO. 17, FROM STATIONS 150 TO 210 


NG THE COMPLETED GRADE. 


of different kinds and by different makers, but even 
among stock lenses of the same kind and by the same 
maker there are differences of sufficient importance to 
make it decidedly worth while for engineers to follow 
this first bit of advice—‘‘get acquainted with your 
lens.” Test it—‘‘calibrate”’ is the engineering term, 
[ believe—calibrate it, then, by trying it with various 
exposures and different openings in all sorts of light 
and upon all sorts of objects close at hand and far 
away. Preserve a record of the conditions and the 
manner of taking each picture and compare the re- 
sults to determine the limitations and capabilities of 
your particular lens. 

The lenses used by engineers generally are of two 
classes, known respectively as the rapid rectilinear 
lens and the more modern anastigmatic lens. The 
latter was developed to correct the defects of the 
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rapid rectilinear lens which are manifested by a cer- 
tain cloudiness around the edges of photographs 
taken with a large opening and short time. The 
anastigmats will give good definition under these 
conditions, and in this feature alone lies their supe- 
riority to the ordinary rapid rectilinear lens. Many 
engineers seem to think they must have an anastig- 
matic lens to enable them to take good photographs. 
It is not at all necessary, and really, is altogether un- 
necessary, if exposures be made, as they should be 
in nearly all engineering work, with a small opening 
and relatively long time. Under these conditions 
the ordinary rapid rectilinear lens will give entirely 
satisfactory results. 


THE STOP AND LIGHT. 


Next to the lens in importance are the shutter and 
diaphragm, which together constitute the lids which 
open and close over the eye and regulate the amount 
of light admitted to the sensitive film at the back of 
the camera. The shutter, a set of flanges, which when 
properly operated, open ‘and close across the lens, 
regulates the duration of exposure. The operation is 
controlled either by a cable release, a bulb, or by a 
small lever at the side of the shutter. By the adjust- 
ment of the small pointer at the top of the lens the 
shutter can be set to open when pressure is applied to 
the control and remain open until a second pressure 
is applied, or to remain open only as long as the pres- 
sure is maintained. These two positions, known as 
‘‘time” and ‘‘bulb,”” and designated on the scale as 
T. and B., are used for long-time exposures. In ad- 
dition to them there are other positions for the pointer, 
at which the shutter will open and automatically close 
after one-hundredth, one-fiftieth, one-twenty-fifth, and 
one-fifth of a second, respectively. 

The iris diaphragm or aperture consists of a series of 
flanges which can be regulated to alter the size of the 
opening through which light is admitted to the lens. 
The settings or stops of these flanges, which form the 
openings which have become standard and which are 
now afforded by all cameras, are designated in accord- 
ance with two systems of numerals. The systems of 
designation are the U. S., or uniform system, and the 
F. system of the Royal Photographic Society, wherein 
the opening is expressed by fractions of the focal 
length. The openings designated by these two sys- 
tems, however, are identical in size, the identity being 
as indicated in the following table: 


Comparison between the F. and U. S. systems. 


F. system....F.4.5 F.8 F.11.3 F.16 F.22 F.32 F.45 
U.S. system... 1.2 4 8 16 32 64 128 


By the proper combination of time of exposure and 
size of opening the light is admitted to the sensitized 
film through the lens in just the amount which is 
necessary to imprint the desired image upon the film 





surface. The same amount of light may be admitted 
either by the combination of a large opening and a 
short exposure, or by long exposure with a small open- 
ing, but the results of the two combinations will differ. 
The picture taken with the large opening and short 
exposure will present a more or less flat aspect, lack 
ing in depth or the quality of distance and in sharp 
ness of definition or detail. The picture taken wit! 
the small opening will be sharp in definition; minut: 
details, such as the leaves of trees, will stand out 
prominently, and the perspective will be well devel 
oped. It follows, therefore, that if one wishes to obtain 
a picture in which detail will be subordinated, as when 
it is desired to minimize the defects of a road surface, 
the large opening and short exposure make the proper 
combination. If, on the contrary, as should be the 
case in engineering pictures, the desired result involves 
the sharp definition of detail, the proper procedure is 
It is for 
this reason that the rapid rectilinear lens should be as 
useful to the engineer as the anastigmatic lens. 

In comparing the work of these two lenses, however, 
one must remember to compare pictures taken with a 
stop opening of the same relative size (F. value). Do 
not expect as great depth of focus with an anastigmat 
set at an opening of F. 6.3, as the rapid rectilinear lens 
gives at its largest opening, No. 4, corresponding to 
F.8. The anastigmat at F. 8 will give as great depth 
of focus as will a rapid rectilinear lens of the same 
focal length, with the same opening while, on the other 
hand, the rapid rectilinear will not work at all at 
F. 6.3. 


to use a small opening and a long exposure. 


FOCUSING. 


No matter what camera you are operating you must 
look to the focusing as well as to the stop and light. 
All engineers are familiar with the small focusing 
scale which is carried on practically all cameras. 
at any of the figures from 6 to 100 with which such 
scales are usually marked, the lens will be brought to 
the proper distance from the foca: plane (i. ¢., the sur- 
face of the film) to focus sharply upon an object at 
the distance indicated. If the camera be set in this 
manner for a focus of 100 feet, every object from a 
point at that distance on to the horizon will be in 
focus, regardless of the size of the opening. Objects 
closer than 100 feet to the camera, however, will not 
be sharply defined unless the diaphragm be stopped 
down to a small opening. If, instead of setting the 
focus at 100 feet, it be set at 25 feet, it will be found 
that the only objects which will be in sharp focus, if 
the aperture be large, will be those which lie in a plane 
at a distance of 25 feet from the camera. Objects 
nearer at hand and farther away will be out of f 
unless the size of the aperture is reduced. 

To obtain a first-hand knowledge of the effec: of 
the size of the aperture upon the2sharpness of the 
focus, it would be an excellent thing if every engiieet 
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would try this simple experiment at the first oppor- 
tunity: Place a camera on a tripod and point it at 
some object, a tree, for instance. Remove the back 
of the camera and place a piece of ground glass in its 
place. Set the diaphragm for the largest opening 
and open the shutter. With the head about 1 foot 
away, and the eyes on a level with the camera, throw 
a piece of black cloth over the head and the back of the 
camera to cut off the light except that entering through 
the lens. When the eyes become accustomed to the 
darkness, an inverted image will be seen upon the 
ground glass. Now move the lens back and forth 
until the tree is sharply defined on the ground glass. 
If the tree selected is about 25 feet away, the rest of 
the picture or the distance from the tree to the lens 
and from the tree to the horizon will be out of focus. 
Now stop down the diaphragm first to 16, then to 32, 
and finally to 64. At each stage it will be observed 
that the image becomes fainter and fainter and at 
stop 64 it will be difficult to see it. But coincidently 
the image becomes sharper and sharper and, by look- 
ing closely when the stop is at 64, it will be noticed 
that everything in the picture is sharply defined. 
This simple experiment will impress upon anyone, 
better than anything the writer can think of, the 
fact that the size of the aperture or the stop that is 
used has its effect upon the focus of the picture as 
well as upon the amount of light admitted. 

For the ordinary purposes of the highway engineer 
a much better picture will be obtained by focusing 
on a point 25 feet distant from the camera and stop- 
ping , for definition than by focusing at 100 feet 
and using a large opening. The former practice will 
reproduce in clean-cut definition all the immediate 
foreground where the objects will be large enough to 
show small detail and will picture with at least as 
great a degree of sharpness as can be obtained by the 
second method all objects at whatever distance from 
the camera. 

In using the first method, however, it is of course 
necessary to increase the time of exposure as the 
size of the aperture is reduced; and right here is where 
the tripod comes into its own. 

The average field engineer, to whom it becomes 
second nature ‘‘to consider the size of his pack to 
save his back”’ objects to the tripod as so much 
useless weight to be dragged around. For the same 
reason he selects a 3A rather than a 4A Kodak. But 
While it is not particularly importsant which size of 
camera he uses, since photographs can be enlarged 
or reduced to any size at pleasure, when it comes to 
the tripod ‘‘there’s a reason.”” And in the opinion 
of the writer the reason is so pertinent that he is 
couvineed that the failure to give heed to it is respon- 
sible for much that is mediocre and more that is 
positively poor in engineering photographs. 


BE SURE OF THESE THINGS. 


in making engineering photographs it is best to 
use the tripod for both time and instantaneous 
exposures. Having set the instrument, be sure of 
four things: 
_ First. That the shutter is set properly (for time or 
instantaneous exposures as desired ). 

Second. That the diaphragm stop is set at the 
proper opening. 





Third. That an unexposed section of the film is 
turned into position. 

Fourth. That the camera is focused on the principal 

- object to be photographed. 

After placing the camera on the tripod, select the 
view. Look over the subject carefully and estimate 
what stop and time of exposure will ‘be suitable for 
the conditions as to light and color of object. For 
cloudy days the writer uses an exposure a 4 second 
and the 32 stop; on bright days 4 second and 32 
stop; very bclaht days 4 second and the 64 stop 
or 4 second and the 128 stop. Remember that you 
must give the picture sufficient light to develop the 
darkest places. An old by-word among photogra- 
yhers is ‘‘photograph the shadows and let the high 
fights take care of themselves.’”’ And don’t forget 
that the general color of the surroundings has a lot 
to do with the adjustment of the aperture. On 
roads or structures other than: concrete, 4+ second 
and the 32 stop will give good results on a bright day. 
Concrete requires less opening than dirt, macadam, 
or bituminous macadam. 

If the camera must be pointed into the sun, shield 
the lens from the direct rays with a hat or notebook. 

If there is action in the picture use an exposure of 
js or 5 of a second and a stop of 8 or 16, according 

to the brightness of the day. If there is anything as 
fast as a moving automobile or railroad train, don’t 
use any exposure longer than 4, second. 

Best of all, if there is doubt as to the working of 
the camera, follow the advice given early in this 
article. Take six exposures of the same picture, 
varying the opening, and be sure to record the expos- 
ure and opening, and then check the results against 
the cael. If the films are developed in the field 
ask the photographer not to cut them apart. 


AS TO THE SUBJECT. 


The hints which have been given so far deal with 
the manipulation of the camera. Perhaps that is the 
only subject upon which the writer is competent to 
speak; but so many pictures have passed through his 
hands, in which there is evident a lack of regard for 
the preparation of the subject that a few words on 
that matter may not be amiss. 

If the aim is to show the details of a structure or a 
road, or a road failure, or what not, mount the camera 
as close to the subject as possible in order to include 
in the picture all that is desired. Get the subject in 
the foreground where the details will be large, and then 
stop down for definition. 

If dimension is of the essence of the subject, lay a 
white rule in the picture where the figures will show 
prominently, or get a man into the photograph with 
whom to compare sizes. 

If the subject is a depression or an elevation below 
or above a general surface, take the photograph at a 
time of day when the length of the shadow will bring 
out the depth or height of the subject. Such a picture 
taken at midday will not be satisfactory. For this 
purpose it is best also to photograph into the sun. 

if the picture is a construction picture, in which the 
workmen are supposed to be at work, try to catch 
them before they seaete they are being photographed; 
but if they must know it, ask them as one gentlemen 


(Concluded bottom column 2, next page.] 
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LAST APPORTIONMENT OF FEDERAL AID. 


HE last 
aid the 


apportionment of Federal funds to’ 
States in road construction under 
the existing Federal aid act became available 
July 1. This will be the largest apportionment. yet, 
certified under the Federal aid act, amounting to 
$100,000,000, three-quarters of which is derived from 
the appropriation of 1919 and $25,000,000 from the 
original appropriation of 1916. A deduction of 
$3,000,000, or 3 per cent of the funds, will be made to 
provide for the expense of administering the Federal 
aid act by the Department of Agriculture. The bal- 
ance of $97,000,000 will be divided among the States 
in proportion to their population, area and mileage 
of post roads. The allotments to the several States 
from the two portions of the fund are given in the 
table of apportionment printed below. 

Under the law the States are required to enter into 
formal agreements with the Secretary of Agriculture 
for the construction upon which this money is to be 
used before July 1, 1922. Any money which is not 
taken up before that time will be reapportioned among 
all the States in the same manner in which the original 
apportionments are made. All previous apportion- 
ments have been taken up in the time allotted, and it 
is not likely that the States will fail to absorb this 
last apportionment. To do so, however, will mean 
that the States must survey, plan, and let contracts 
for at least $200,000,000 worth of Federal aid road 
construction in the next two years. 

If the States continue to pay more than 50 per cent 
of the cost, as they have in the past, the cost of the 
roads constructed with this last apportionment may 
reach $250,000,000. In other words, it will be neces- 
sary to plan for construction at the rate of at least 
$100,000,000 and probably more per year. Some 
appreciation of what that means may be gleaned from 
the fact that in 1915 the expenditure for all roads in 
the United States, constructed under State super- 
vision, was only $80,000,000. 

Since 1915, however, State highway departments 
have been greatly expanded, and efficient machinery 
has been developed which will undoubtedly be able to 
handle the greater volume of work. 


Remainder of 1916 Federal aid appropriation. 


Sum apportioned. 


$526,220.88 | Minnesota.... 

343,411.04 | Mississippi. , 

21, : oer is sees exaedeces 
California 53, €68.88 | Montana......... 
Colorado 38, 939. 79 
Connecticut 3, 337. 36 
Delaware aa 38. 70 
Florida : 
Georgia. .....- 174, 287.74 


Sum apportiond. 
710, 522. 33 
451, 889. 29 
846, 974. § 
501, 747. 5: 
533,435. ! 
319, 086. 
103, 709. 7% 
296, 889 
399, 616. 96 

1, 242, 973. 2: 
569, 763 
384, 056. 95 
926, 561. 7 
575, 619. 5; 
394, 038. 


New Hampshire 
New Jersey ; 
New Mexico 
New York. 
North Carolina 
North Dakota 
ee “yet 
Oklahoma. 


Simmons... ...... 
Indiana... ...- Sia 
| ae 
Kansas. .... - 
Kentucky........ caps 
SS ee Pennsylvania......... 
Rhode Island 
dabeaisten ane 3, 749. South Carolina 

36 South Dakota... 

Tennessee 


Maryland..... 
Massachusetts 
Michigan 


Remainder of 1916 Federal aid appropriation—Continued. 
Sum apportioned 
1,465, 399. 62 

282’ 393. 91 

112, 519. 27 

194, 418. 46 

301) 156.95 


Sum apportioned 
Texas... 
Utah... 
Vermont 
Virginia... 
Washington 


West Virginia.. ; 265,038. 1 
Wisconsin. . ater: 636, 2: 
W voming. 308, 4: 

Total 24 


950 000 


App wrtionment of 1919 Federal aid approp) lation 


Sum apportioned Sum apportione 
$957, 259 
311,129 2 


890, 667 


Alabama.. .. $1, 578, 662. 63 
Arizona...... 1,030, 233. 12 
Arkansas siesidl ‘ , 243, 883. 57 
California caren 2, 291, 006. 63 
Colorado wee 
Connecticut 
Delaware 
Florida 
Georgia. 
Idaho 
[llinois : 
Indiana..... 


Nevada 
New Hampshire 
New Jersey... é 
New Mexico. 
New York. 
North Carolina.. 
North Dakota.... 
Ohio 
Oklahoma. .. 
Oregon...... 
3 | Pennsylvania.... 
015,289.95 Rhode Island.... 
, 160,996.56 | South Carolina... 
, 153,433.46 South Dakota 
, 465,816. 57 | Tennessee 
,021,673.35  Texas........ 
720, 172.€2 | Utah...... 

( 

F 


, 316, 819. 38 
460,012.07 
122,006. 11 
860, 585. 94 
022. 883. 22 
919, 537.45 
73, 800 


650,248.96 Vermont... 
Virginia 
Washington 
West Virginia... 
Wisconsin 
Wyoming 


Massachusetts 1, 104, 591. 62 
Michigan... 2, 168, 750. 98 
Minnesota 2,131, 567. 00 
Mississippi 1, 355, 667. 88 
Missouri. .. 2, 40, 924. 70 
Montana..... 

Nebraska 


505, 242. 60 


l, 
1, 600, 306. 43 


Total 


PHOTOGRAPHIC HINTS FOR ENGINEERS. 


{Concluded from page 21.] 


of another please to look busy. Our own files are full 
of pictures which, taken collectively, would prove 
beyond the peradventure of a doubt that workmen 
never work. 

If the picture is to represent a 
structure, see that it is alle finished before it is pho- 
tographed. See that the ditches and shoulders are 
trimmed; that the road surface is clear of litter and 
free of defect, and, unless construction details limit, 
take the picture so as to include a beautiful tree or 
some bit of scenery that will add to the beauty of the 
picture. 

At times, roads are constructed in which the align- 
ment or the grades, the location in other words, is not 
all that it should be in places. Sometimes 
faults are deliberately passed over in the plans for 
economic reasons, or for numerous other reasons; 
sometimes thay are the result of poor design or over- 
sight. If the faults themselves are to be the subject 
of the pictures, emphasize them by a suitable set-up. 
An ugly break in the grade will show up best from a 
set-up at a distance and slightly te one side of the 
road, which will make it stand cut much like an ang! 
in alignment. Angles in alignment can be caught bes 
by shooting along the edge of the road rather t! 
along the center. The same is true of wavy edges 
concrete roads. 

But unless the defect is to be the subject, try to | 
the picture in such a way as to exclude it. There 
few things more beautiful than a perfect road thr: 
ing its way over hill and dale, and promising f! 
delights at every turn to all who will follow it. 
tures of such roads speak more eloquently of the b: 
fits of improved highways than the most care! 
developed argument of engineer or economist. |! 
are ar so Fy therefore, not only as a record of « 
pleted work, but as an inspiration to all who see | 
for more roads and better roads. 


finished road or 


, 
such 











If many requests which have been received 
from time to time by the Bureau of Public 
Roads regarding the proper construction and 

use of laboratory diamond drills indicates that much 

difficulty has been experienced by numerous road 

For this 

reason it has been deemed advisable to publish 

somewhat in detail the methods used by the Bureau 
in the manufacture of these drills, and 


materials laboratories along these lines. 


, Inasmuch as 
the life of a drill depends to a very large extent on 
the Way if is used, some precautions regarding their 
proper use are also given. 

Black carbons or diamonds used for laboratory 
drills should range from 3s inch to 3; inch in size 
Dia- 
monds suitable for the work will weigh in the 
neighborhood of 0.1 carat each and from six to 
eight diamonds are required for a 1-inch drill. They 
inay be obtained from any of the diamond importers. 

The diamond drill used by the bureau consists of 
il steel or bronze crown soldered to the end of a seam- 


and should be dense and regular in shape. 


less steel tube about 45 inches long and 1} inches 
outside diameter and carrying six diamonds, each 
about 35 inch in diameter. The other end of the 
steel tube carries a No. 2 Morse taper hollow drill 
shank through which water is admitted to the inside 
of the drill. The drill crown proper is made either 
of Tobin bronze or soft cold-rolled steel, 1 inch in 
ternal diameter, 1s’; inches external diameter, } 
inch high, with a recess 4°; inch in depth by 1} inches 
in diameter in which the steel tube is soldered. 
A detail view of the drill crown showing the various 
dimensions is shown on page 24. 
SETTING DIAMONDS IN DRILL CROWN. 

On the next page areshown the various pieces of ap- 
puratus used in the operation of setting the diamonds 
in the drill crown. A is a piece of cold drawn steel 
1. by 4 by 6 inches, with a yoke C and thumbscrew 
ais used to hold the drill crowns. After mounting 
a crown in the clamp as shown, six holes are drilled 
in the face of the crown at equal distances apart, 
three of the holes almost breaking through the out- 
sie of the face of the ring and three almost breaking 
through the inside of the face. The holes should be 
slichtly smaller than the diamonds which are to be 
used, and each should be slightly nicked on the thin 
with a fine file. A diamond is then placed in 
one of the holes, gently tapped with a piece of brass 
is to hold it in place after which the crown is 
pliced in a small jeweler’s vice D, having jaws of 


e¢ c¢ 
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THE MANUFACTURE AND USE OF 
LABORATORY DIAMOND CORE DRILLS. 


By F. H. SCHLOER, Instrument Maker, U. S. Bureau of Public Roads. 























ROPER METHOD OF BEDDING 


soft steel or brass, 


into the hole. 


with which the diamond is forced 
Should the diamond not stand the 
pressure and crumble it is not fit for drilling. It 
should be possible to force any diamond good 
enough for drilling purposes into a hole in the above 
manner. Flat drills B, made of 4-inch drill rod, 
about 4 inch long and of a size slightly 
smaller than the diamonds, are used for drilling the 
holes. It has been found that the flat drills are 
better than twist drills for they are stiffer and do 
away with a center punch. 


turned 


After the diamonds are 
all set, the drill is soft soldered to the end of the 
steel tube and is then ready for use. 

Any drill press equipped with a hollow spindle and 
with the table so arranged that the water carrying 
the rock cuttings may be properly collected and car- 
ried away is satisfactory for use in rock drilling. A 
drill press equipped with a No. 2 Morse taper is 
large enough. Thespeed of the drill should be about 
300 revolutions per minute. 










USING THE DIAMOND DRILL. 





Great care should be exercised when 
first using a diamond drill. A block of 
very soft limestone or sandstone should, 
be selected and a number of cores cut 
from this stone until it is found that the 
drill is working properly, after which it 
may be used on harder rock. The sam- 
ple should be bedded on a bag filled with 
sand, as shown on page 23, or in the 
case of very small pieces it may be nec- 
essary to mount the samples in plaster 











of Paris before drilling. Plenty of water 
should be used on the inside of the drill 
so as to keep the space under the crown entirely free 
from rock cuttings, which, especially in the case of 
soft rock, have a tendency to ‘‘gum up” the drill. 
After one or two cores have been drilled, their diam- 
eter should be measured, and if it is found that the 
drill is cutting cores more than 25 millimeters or less 
than 24 millimeters in diameter, one or two of the 
diamonds must be reset. If the drill crown is turned 





Jolt soldered 
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Carbon points 


DIAMOND CORE DRILL 


FIGURE SHOWING DIMENSIONS OF THE DRILL CROWN. 


APPARATUS USED IN SETTING THE DIAMONDS 


to the dimensions shown, however, and the diamonds 
set as indicated, the cores should come out very close 
to 25 millimeters in diameter. The pressure should 
be applied always by hand and never automatically 
on account of the tendency of carbons to shatter if 
subjected to any appreciable impact. When drilling 
stone by hand, the pressure on the drill may be regu 
lated in accordance with the character of the mate- 
rial being drilled. This is, of course, not the case if 
an automatic feed is used. A much greater pressure 
may be used when drilling fine-grained, homogene 
ous materials, such as trap, even if the rock is very 
hard, than in the case of coarse-grained, nonhomo 
geneous materials or stone in which minerals of 
greater hardness than the mass of the rock are em 
bedded. With a properly constructed drill, it should 
be possible to cut a core 4 inches in length from rock 
of medium hardness in about 10 minutes. The drills 
made by the Bureau of Public Roads will cut from 
20 to 50 feet of rock before it becomes necessary to 
discard them, depending, of course, on the average 
hardness of the stone being used. 


CORRECTIONS. 


The jinx was working overtime when the captions 
were added to the illustrations in our June issu 
We do our best to make amencas as follows: 

Page 5. The caption of the top picture should 
read: ‘Bulkhead bridge over the West Walker 
River, Nev., on Federal-aid project No. 83.” 

Page 9. The photograph at the left is a view of 
Pennsylvania Federal-aid project No. 29, from Mil- 
ford [to Matamoras, a bituminous concrete road. 
At the right is a concrete Federal-aid project, No. 
22, from Tobyhanna to Mount Pocono, Pa. 

Page 11. The second word of the caption should 
be “road.” 

Page 19. The caption should read as follows: 
“Matchless Crater Lake in Crater Lake National 
Park. A forest road now under construction will 
reach this lake.”’ 









or 


FEDERAL AID ALLOWANCES. 


! THE close of the fiscal year June 30, 1920, all to and including the fiscal year 1920; and several other 
States with the exception of Oklahoma and States have submitted plans, specifications, and esti- 
South Dakota had entered into agreements mates for projects which will entirely consume their 
with the Secretary of Agriculture for the construction allotments up to the beginning of the current fiscal 
of road projects which will call for the expenditure of year. 
their allotments of Federal funds for the fiscal years At the beginning of the new fiscal year, July 1, 1920, 
1917, 1918, and 1919. The excepted States had not 2,984 project statements had been approved repre- 
taken up the entire amount of their allotments for the senting 29,319.35 miles of Federal-aid road which it is 
fiscal year 1918, but owing to the fact that during estimated will cost $384,916,819.53 and on which Fed- 
that year they had no recognized State highway eral aid to the amount of $163,841,503.93 had been 
departments they are allowed under the law until approved. 
June 30, 1921, to take up their apportionments for On the same date project agreements had been 
1918. 






























entered into for 1,963 projects involving 15,178.08 
Three States, Illinois, Maryland, and Washington, miles which it is estimated will cost $253,990,389 and 


had executed agreements calling for the entire amount for which $109,838,173.71 of Federal 


aid will be 
of Federal money available to them for each year up allowed. 







PROJECT STATEMENTS APPROVED IN JUNE, 1920. 








Project 


Length, Project 
No. County. 


in miles Type of construction statement 
sit approved. 


State Estimated 


cost. 





Federal aid. 

















































Alabama........ : 74 Montgomery......... jeaeaaee 11.180 Gravel : June 12 $187,399.08 $93, 699. 54 
Arizona..... ; a.) eee 7.500 Selected material....... di ‘i 185, 630. 50 90, 000. 00 
Arkansas.. ; OO) Si incemcesceuacces es: 4.760 Macadam seuwidaes 1 ; 30, 534. 46 14, 400. 00 
OB | CHISOIGER. .. 0. cccccccxs 8.650 Concrete..... : : June 25 267, 953.40 43, 000. 00 

eres eee 9.380 Gravel. do..... 105,927.25 40,000. 00 

|. ees | J Ee 8.450 Concrete . do = 307,711.80 73, 500.00 

96 | Poinsett.............-.. 4.250 |..... do. do..... 148,104.00 42) 000. 00 

100 | Mississippi............. : Ss. {ar do. do ; 413, 163.30 100, 000. 00 

40 Hempstead. ........... . 9.510 Gravel we June 8 1 63,789.00 1 197000. 00 

Georgia... 2.6% ; ; ge. | ee : 8.900 Sand-clay .. ; Soe June 3 133, 608.75 40,000. 00 
159 | Miller. SERERES NE Sida Bridge. ... lune 4 65, 120.00 25,000. 00 

136 —— fae LOWOEI. «25.01 caccavcastess _ =e June 3 48, 839.12 24, 419. 56 

A ee Se eet | ; eee 30, 668. 00 15, 000. 00 

153 | Newton............-.. poke 9.900 Sand-clay...... do....- 80,000.80 40,000. 00 

ioe | Weeme............. Saas 12.000 ..... do... do... 79,915.00 39, 000. 00 

AUG | MONOD ein cco ecncc.osccene 1.980 |...3 do june 12 37,778.40 15,000.00 

eo in atinagerenigiean : i. eee 19.330 | Earth........ cP June 4 85,052.00 42, 500. 00 
Minnesota.......... A” ee 1.030 Concrete, brick, or asphalt June 8 50, 481. 20 20, 600.00 
a aes ee 990 ..... lela tie ip June 7 36,119.60 18, 059. 80 

7 ee do. Pee R ea us as 1.620 |..... eee do. 56,944. 80 28, 472. 40 

ee ere 118 | Stoddard... oes Sank alaisies 15.000 Gravel..... June 4 126,999.99 63, 499.99 
4, er 4.750 Bituminous macadam.... June 8 63,000. 00 31, 500. 00 

Montana. .......... pk  — SRR e Se Bridge...... : oe June 12 19, 453, 50 9,726.75 
Ay £2 se 7.250 | Earth..... See 64, 392° 88 32,196.44 

1 | 6.000 Gravel......... | ee 33, 145. 20 16,: 572.60 

: ak. ee 17.000 |..... ee een ' : June 28 121,985.26 1 10, 992. 63 
New Hampshire. .. = +4 e....---. ee SS a ERS = are : en IESE A ee June 3 15, 000.00 7,500.00 
_ fees 2 . 7 =e do.. aa e ek * : 5 RA ee 8,000. 00 4,000.00 

OR ON ies as cpaenrocainen 340 |... ee June 7 10, 229.98 5,114.99 

N J ii. == 3.850 Concrete....... a June 12 154,000.00 77,000.00 
67 Albany and Schenectady. SR leces MIMbc dese ey aS: .| June 11 632,700.00 221, 445.00 

69 | Delaware... ER SE va 10, 570 |..... ee June 12 517,300.00 181; 055.00 

Oh oes Ace “it. eee ea 6.258 _....do. June 3. 290,000.00 75,600.00 
Oa 2.794 Macadam. 5 pee &5, 000.00 40, 000. 00 

ee OS yg eee en sclera eS See 168, 000. 00 82) 500.00 

132 | Mahoning............ eran 1.750 Brick... Se : pn eataa 79, 742. 66 26, 250.00 

kl aa 2.270 Concrete and brick nee me ier eee 145, 810. 23 21,000.00 

: 158 | Clermont............. eae 6.974 Macadam. oN eee ; ae 240,600.00 120, 300.00 
So RNS Soduwsdaenncy Sk, See 18.181 | Sand-clay............ =e ‘ ee 137, 760.59 25, 000. 00 
ai i a eS +, 2 ee | 2 ae ..| June 8 131, 647. 94 40, 714.39 

NV é 2 ee er 8.066 Top O° RS aR eae Bee ee 55, 353.73 12; 000. 00 

Ten Rootes bekoemiankaks A ee caeaae 14.507 Concrete, asphalt, or bituminous macadam June 3 342" 660. 50 171, 330. 25 
IO are cansetaleomaes : Ss ik i ee 10.000 Bituminous.... thnesGes stesssacl wae «6S 250, 548.21 100, 000. 00 
lk). RES 31.267 Gravel and crushed rock....... sag ; : ao 350, 217.99 162, 000. 00 

ako Re I aides cobccscccanassecns. ee ...| June 8 70,004. 69 35, 000. 00 

oS 1 ne Sok ocoacecanuniue packed sdednnd June lil 172,417.46 86, 208.73 

TGR | TAPRRIROIO ... oc cccccévescecs SR.S7i i..... | LR eas pei Sat oe ee 289,611.31 59.406. 00 

tt .. aS aeeeiaerrs if Joe Ne hcenesin os cunueenn , .-.---| June 25 280, 156.06 110, 000. 00 

3 ah... eee 128.300 |..... Mika wannunelacedwes cin ..|June 3 1117, 983.80 135,000.00 
LS eee as 16 | Washington................. = | ae eae ee SE BP ETE j Eee ee ae 37,161.24 18, 580. 62 
West Virginia... “eee kk 5.200 | Macadam............... eit ....-.| June 30 74, 565.00 33, 480. 00 
a == > 1 ae Re ae CEES 5 49, 000.00 24, 500.00 

_ Ms a cee c cu cawawawwes ek ee peers = ssccces) ume =6@ 45, 531.20 13, 290. 00 
PN 5 ic caccvwsinins cnn 144 | Chippewa................... Be WN ois woos endcaesicdesesacacicberceses-1 Oe 41, 560.08 20, 000. 00 





1 Withdrawn. 


Alabama... 


Arigona. .....0.-- 


Arkansas ......-. 


California 
Colorado. 


Connecticut 


Florida. ... 


Georgia... 


daho.... 


| 


Kansas . 


Kentucky .. 


Maine 


Massachusetts 


Michigan . . 


Minnesota 


Mississippi 


Missouri - 
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PROJECT AGREEMENTS EXECUTED IN JUN 


Project 


No 


39 
59 
42 
69 


3 
74 
$ 


' 

23 
18 
12 


2b 
15AB 
19A 


13 
ISABE&F 
21 


23B 
2BACEKF 
16 

S 

60 

26 


3Q 


ee ed 
Sm Coho UT 


51 
44 
45 
13 


17 
23A&B 


24 
26 
29A 
15 
21A 
20 


County 


Choctaw 
Montgomery 
Dale 

Coffee — 
Jefferson 
Lowndes 
Cleburne... 


Pima and Cochise 
Coconino 
Pinal 


do.. 


“Pin il, Gila 


Maricopa 
Yell 
Johnson ao 
Sevier and Howard 
Lincoln and Desha 
Vendor 
Conwa\ 
Dallas 
..do 
Sevier 
Cleveland 
Imperia 
Logan 
Adams 
Pueblo 
Jefferson 
Mesa... 
Weld 
Yuma 
Costilla 


Weld 


Columbia 

Morgar 

Grady... 

Doughert 

Adams and Idaho 

Elmore 

Lemhi 

Clarke 

Joone 

Summer 

Franklir 

Saline 
do. 

Carter 

Clark 

Whitk 


Jessamine 
Jefferson 
Laurel 

Boone and Kent 
Bell 
Breathitt 
Larue.. 
Rowan 
Waldo 
Cumberland. 
Franklir 

Cum berland 


Penobscott 
Franklin 
serkshire 
Middlesex 
Franklir 
Hampshire 
) 
Middlesex 
Berkshire 
Essex 


Washtenaw and Jackson 


St. Cl 


Yellow Medicine 
Pipestone ... 
Coahoma 
Chickasaw... .. 
Pearl River.... 
| Sears 
Yazoo... os 
Sharkey...... 
Walthall 
Cooper - . 

ae 
Lawrence 


Length it 
miles 


Bituminous 


Top soil 
Gravel 
Sand-clay 
Gravel 
Bridge 
Sand-clay 
Bituminou 
Sand-clay 


Baker. 


Rock 
Earth 
Watert 
Earth 
Bitumir 


Concrete 


Gravel 
Bitumin 
Concrete 
do 
Bitumino 
Gravel 
Concrete 


do 


Dww &-1t > 


Bitumino 
do 
do 

Bitumi 

Bitumin 

Concret« 


ar hom bo Go bO 


“do 


Gravel 


Bituminou 


rete and gr 


adam 


Bituminous macadam... 


Gravel 


Project 
agree- 
ment 
signed. 


June 
June 
Tune 
June 2 
..do 
June 
Tune 
June 
June 
.. June 
. WJune 
.. June 
.. VJune 
*June 


es bese = 


June 
Tune 
Tune 
June 
June 
Tune 
June 

10 
do 
10 
do 
do 


, 819 
249, 172. 
1 22,934 

88, 554. 


129, 409. 96 


101,714. ¢ 
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PROJECT AGREEMENTS EXECUTED IN JUNE, 1920—Continued. 


















: -roject ' Length i 
State. E No. County. =< 






r . ee ree Estimated Federal 
Type of const ' ment cost aid. 



































































































































MISSOUTE ...05 50-000. cccnee 61 Jackson 2.100 | Earth June 9 $136, 
78 St. Louis.. 6.070 | Concrete and hillside bric lo . 304, 539. 32 
79 St. Louis... ; . 12. 680 Asphalt, concrete, and hillside bri io { 649, 249. 23 
94 Buchanan.......-.. .376 | Asphalt, concrete 10 29, 892. 11 
36 Christian... : 9.306 Gravel and concrete e 248 65, 418.17 : 
52 Cape Girardeau 3.180 Concrete June ) 102, 523. 67 [ 51, 261. 83 
1D) EMBs ccccocce 7.935 | Gravel e 2 ) 48, 033. 98 
54 | Gentry...... 8.857 | Bituminous macadam i , 90, 768. 32 
60 Lewis... 5.800 Gravel on macadam : 7 144,318. 90 
62 Marion.. 10.260 Gravel i 81, 502. 80 | 40, 751. 40 
68 iL — bees 4. 281 do 1 50, 127. 45 25, 063. 72 
77 «“St. Louis.. 15.762 Concrete and hillside bric} 10 688, 325. 88 329, 068. 82 
$0 |.. . a 7.026 Concrete 303, 000. 69 144, 928. 4: 
81 Jasper. 2. 760 do i 95, 373. 75 , 47, 686. 87 
26 Dunklin.. : 8.620 Gravel d 118, 016. 27 59, 008. 
18 Jackson... —- Bituminous macadan 1 21,101.78 1,10, 550. RC 
233 | Pettis....-. do lo 1 7,290. 70 
Montana.... 70A | Silver Bow 9.110 Paving May 21 335, 877. 10 
M4 | PORE... . Bridge ne 8 95, 049. 50 
15 Rosebud.. 3.560 Gravel June 13 21. 767. 07 
61 Wibaux... 6. 860 .do June 24 5, 732. 16 
98 Madison hae 4.580 Selected material June 25 », 286. 77 
44 Gallatin.. 4.924 Concrete June 28 206, 966. 06 
49 Meagher.... 20.280 Earth iT 150, 216.79 
51 Gallatin... 840 Concrete 68, 759. 08 
63 Missoula.... 19.611 Gravel i 133, 976. 55 
6 Cascade... 18. 260 lo io ‘ 259, 409. 49 
83 Valley.. 1, 890 do June 18 16,717.71 
100 Flathead. . 3.210 .do June 2 31, 581. 33 
101 + Blaine.... 10, 800 do do 51, 805. 00 
106 Carbon 11. 630 ..do 1 17, 624. 89 
57 Yellowstone 1.039 Concrete June 3f 2,764. 85 
68 Deer Lodge 9,376 do io ; 333, 465. 28 166, 732. 64 
BA Yellowstone Gravel. . Ma 21 5 i 28,145. 85 
20 Missoula.... 26. 870 -do ine 28 2 10,996. 77 
40 Gallatin... . do do 
8 Meagher : do lo i 
69 Jeiferson.. ; 703 Bituminous concrete, or concrete June 30 
93 Flathead........ : 3.380 Gravel June 29 
99 Missoula...... 1.313 Earth and gravel June 30 
33 Musselshell... ... 4.350 Gravel 
52 Yellowstone 1.995 Concrete dc 
54 Cascade... : a Gravel io 
92 Ciranite.. 6.664 Earth io 
Nebraska. . 135A Merrick..... er : ; 9.330 Gravel Mav 13 
Nevada.... 23 Mineral... 9.330 Earth. June 7 
27 Clarke......... ae sh: .| Bridge .do... 
30 | Ormsby..... 3.490 Concrete : Sinan 126, 177.19 
20\ & B Washoe... 10. 480 a. ES do $14,915.29 
19 Pershing...... 27,810 Gravel June 30 103,718. 21 
7 | Washoe...... Concrete June 20} 3112,091.73 
New Mexico. 148 Santa Fe.. ey: 8.258 Earth. june 3 48.184. 68 
13A Valencia 10.859 Crushed stone J 82,789. 92 
24 Roosevelt 11.365 Caliche, two course J 88, 321.51 
30 | Quay...... : ; ...-. Bridge Jun 130, 459. 03 
25 Curry 15.437 Caliche June 23 153,992. 71 
32 San Miguel. 15.084 Crushed stone -do 157,970. 20 78, 985. 10 
47 Grant. 15.228 Gravel .do 3 116, 120. 63 58, 060.31 
33 | Moro.... ere 12.705 |.....do 3 do ‘ 190, 989. 67 95, 494. 83 
lM . s — SaaS June 3 3 4,814.19 3 2,407.09 
New York 33. Schoharie. 10 330 Reinforced concrete June 11 412, 983. 67 144, 544. 28 
39 | Tioga... 7.250 -do .do ; 289, 905. 86 144, 952. 93 
43 | Clinton...... 7. OBB | ..<6< Bi. cc0 a a 316, 000.00 158, 000.00 
44 Genesee....- 2.710 -do ; ae 108, 400. 00 54, 200. 00 
53 | Jetferson.......------- 3.250 |.....d0..... ean June 12 121, 500.00 42,525.00 
63 | Tompkins.........-- 4.470 Yr ee June 15 177, 400. 00 62,090. 00 
59 Onondaga... 3.940 .do Cicas 157, 600. 00 78, 800. 00 
65 Otsego and Schoharie 10. 580 .do ; G0. ..5: 423, 200. 00 151,013. 50 
144A & B | Chautauqua..... 7.630 |.....d0 ‘ June 22 305, 200. 00 152, 600. 00 
31 | Schuyler and Seneca. 11. 430 . .do ; ‘ June 15 433,997.95 221, ” 998. 97 
32 | Fulton and Saratoga. -.----- 11.310 .....do ; June 21 449, 500. 00 195, 470. 00 
41 | Orleans......- “s 2.050 |.....d0... Ee = .-. June 15 82, 000. 00 28, 700. 00 
58 Chemung and Tieg.. 3. 620 do d ; 144, 800. 00 72, 400. 00 
60 | Herkimer .......- eo ee eee ee ene 06. <x 43, 600. 00 21, 800. 00 
59 | CRAM. occ nceccncoeesis 2. 580 .do IRS June 24 103, 200. 00 51, 600. 00 
3 | Chautauqua........-. 6. 500 |.....do Gh..c6 260, 000. 00 130, 000. 00 
22 | Broome......... 4.090 do. eeown Ges. 215, 000. 00 75, 250. 00 
35 | Jefferson ........ 8. 370 .do ae 334, 800. 00 167, 400. 00 
40 | Oswego.......--- ineee 9.370 - do do.. 356, 600. 00 124, 810. 00 
46 | Dutchess........-- 2.480 Bi tumin ous ma wcadam ac 114, 900. 00 40, 215. 00 
69 | Delaware. ......-.----+++-- 10.570 Reinforced concrete —_ “= 517, 300. 00 181, 055. 00 
37 | JeMere0Mh .....cccccece 2.610 |..--.-. do. basletteta on ae Tune 25 90, 700. 00 31, 745. 00 
19 | Franklin..........-------- 2.840 |.....d0.. iaPeceeeveeses June 28 113, 600. 00 56, 800. 00 
48 | WAYNC.....ccccccccccecevess 6 eee ee = June 29 71, 600. 00 35, 800. 00 
Ba | Matdis0R........cccvscccocess 5.990 Concrete......- : 10.. 939, 600. 00 119, 800. 00 
BT | GOMOEOD . oc. ccccccccsccccess 2.100 | Reinforce sd concre ote June 28 78, 500. 00 27, 475. 00 
61 | Livingston. .........-.------ §. 180 |.....0O....2.-200e- do... 211, 100. 00 73, 885. 00 
Vo ee 2.780 |.....d0.... ate June 29 111, 200. 00 55, 600. 00 
67 | DelRWARS. «oc -cccccecss wa 12. 540 |....- ere lo 633, 400. 00 221, 690. 00 
49 | Wayne.....-.----- naan Oe |. ..--00... : do 39, 600. 00 19, 800. 00 
16 | Ontario and W ayne. aati sits 6.990 .....do ; slidaiilas — es 979, 600. 00 139, 800. 00 
Nor Dakota... Te | GORE... ccnesencvavecee a kara 6.000 Earth.... ‘ June 4 32, 562. 63 16, 281.31 
100 | Burleigh and Morton......--|..----+-*- Concrete .....-- ; June 15 876, 000. 00 438, 000. 00 
Gh | LOGRB sone nccccccccccewcsese|ecnscsnsss BSS . 6c ccecess ‘ : a 3, 858. 50 1, 929. 25 
} 92 | TOWNE? ....-.0.0ssccceses-s 17.489 | Earth.... Sh aed ; " June 29 75, 820. 47 37, 910. 23 
36A | Baines. ...........--cceeees 14. 250 |..... aeac~s = = ; Gbwcxs 61, 708. 55 30, 854. 27 
7 ee do secceceece ateuceedseouene June 30 3 30, 153. 05 3 15,076. 53 
44 | Bottineau : _.aeeee June 20 15,590. 41 12,795. 21 
18 | Ramsey..... a“ eccneneacsie June 28 8 15,218.72 3 7,609. 36 
16 | Grand ForkS............00-+|"-e-2e2 2*|-<- cc ccccbeuss cesese im June 2) 137,519.71 118,759.85 
ee ee s we VO eae 2.688 Brick, bitumen, or reinforced concrete.....-. May 21 129,000.00 50,000. 00 
63 | Hamilton ...........---+--+- 2.723 | Concrete, semimono b wick, Warrenite itu- 10 163, .00. 00 54, 400. 00 
lithic, or bitolslag. 
75 | Belmont............-------- 3.839 | Bituminous macadam....--- ‘ ; . June 24 139, 200. 00 40, 000. 00 
79 | Fultom..........------+e-++- 6.191 | Concrete. ...--.------++--++->-- ..| June 8 206, 000. 00 80, 000. 00 
118 | Wood ..........-----2--eeee- | 3.378 | Reinforced concrete or bituminous cont rete...., June 24 177, 100. 00 20, 000. 00 
138 ' Clermont.......---------++-- 4.821 | Water-bound or bituminous ma‘ Se June 8 154, 700. 00 70, 000. 00 
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Oklahoms.....-.------------- 17 Canadian and Grady per : ..| Bridge ERS _..---| June 2/| $294, 135.38 $147, 067 













































































































18 | Muskogee...... : cepted 29.533 | Gravel. some wa June 17 408, 741. 32 204, 370. 6 
SN ian sw vin wcncivaxenns: ; 1k... Seer egies 7.7530 | Earth , ; ° June 1 76, 958. 64 38, 479 
South Carolina... =n ; 81 | Charleston. ....... sees" 7.384 | Concrett June 3 325, 931. 99 78, 488. 2 
98 | Orangeburg.......---- side 90. 241 | Cement and sand-clay ... June 17 376, 631. 88 125, 614 
O28 ) RAMI... <ccicccce BASES. 14.131 | Top soil : ee ee 84, 32, 301 
Oe t Panseseeccwass = + i do. Seg SS SS 23 4, 200 
South Dakota. ..-.-- . 34 | Spink......... escnciaanieeul : 10.880 | Gravel ‘ June 2 136, 922. 10 68, 461 
26 | Kingsbury........-.------ Boa do... Soe June 23 140, 712. 29 70, 35t 
cl !lU!}!| ll cust 21. BED lecces do. - | wae = ae | 125, 422. 73 62,711 
Tennessee . . ..-.-.- emacneees 32 | Lauderdale .........-- aaa 7.717 Bituminous macadam June 3 268, 735. 02 134, 367 
33 | Crockett... .......-.-.ee-e:- Re Bian oe abewe a : ; 5 AR aa 172, 012. 30 RG, OO 
42 | Hamblen..... aes B Ss as GEGEREES a 169, 013. 31 84, SAM 
43 | Shelby minmauen — 7,429 |.....d0.. ye 72, 501. 28 86, 250 
27 | Lewis and Lawrence. 90.466 | Earth... ‘ June 15 88, 282. 92 44, 141 
14 eer, Hawkins, : and Sul- 50.129 | Bituminous macadam June 24 | 1, 216,367.13 608, IS 
ivan. 
26 | Maury... P Niecenaes 11.872 | Rock asphalt do.... 443, 277. 85 221, 638 
35 Hamilton. : 10.143 | Concrete... = ra 374, 348. 32 187, 174 
Texas..... censeuwewens . 117 | Denton.... iabentioues 10.034 | Gravel surface treated June 7 198, 754. 52 75, OOM 
90 | Taylor... ' 19. 925 Gravel ‘ June 19 114, 781. 52 40, Oot 
100 Rockwall ; : 13.360 | Concrete ‘ ae 570, 620. 60 200, OOF 
104 | Sabine... ae 13. 690 | Gravel : ; do.... 187, 384. 35 85, 000 
413° Bemet.....- eal 7.236 ' Gravel surface treated ican 77, 830. 50 35, 802 
- te Bea 99.810 |.....d0... do.. 458, 168. 47 124, OO 
132A | Parker... REM ve 15.066 .....do. WS _.do... 257, 819. 14 100, O00 
137 | Limestone.... eae 98.329 Earth and crushed limeston« .do.. 339, 302. 75 92, 600. 1 
82 | Jasper..... ae aan 16.210 Gravel and earth.. : June 21 146, 711.71 30, OOO. Ok 
128A | Montague...... Bee. 7.472 Sand clay. : June 19 56, 456. 14 20, 000. Of 
135AB | Schliecher...........-------- | 7.430 Stone macadam.... ‘ . June 22 137, 385. 58 68, 602 
154 | Bastrop.........-- a ote 2.260 Gravel........... June 21 20, 761. 38 10, 27 
SE? i tienatcrescscanedseese® 5, S00 | .<<..8@s.s- es June 22 2,684. 04 21, (4 
i ee 27.540 Earth.... aneaks i = _.. June 21 180, 132. 07 TO, OOM 
111 | Seurry, Mitchell, and Nolan 91.523 Gravel...... we a : , .. June 30 137, 131.61 67,1 
Re are ee ina ae - June 21 149, 257.18 65, OO 
OF We ec kcccccceveassese 42.066 Concrete . June 4 410,605.17 
Zi | Dexar....... CSO See Gravel and gravel surface treated . June 21 150, 515.94 125,2 
ES Res Cre r Is cacweswcwsareen ae .. June 26 3.5 12,7 
117 | Benton.......... eee een Gravel surfaces treated June 29 
131 | Bexar........ iceman’ i5. 767 Concrete-asphalt top; gravel-bitumen top June 22 
SO) RNID. 6.6 ac cercevessesas< 11.917 Limestone macadam - aetane * June 21 
140A | Williamson. ............----|------2>: Sa ae ; , he “ee 
148 | Oramae®.........- ear 10.260 Concrete a : ee 
eee ee g.000 Graveland | itumen tot June 28 
See" See? | CINODS o scncccensewe .... June 30 
120 | Cass....... niche Pinel 12.638 Gravel aa ee .., June 29 
2 | CUR, co waneeeseses ED 4.616 Mudshe llon gravel base ..| June 26 
115 Smaith Re A ed nay 720 Concrete and gravel.... ..| June 29 
eas 17.500 | Gravel........-. Biince 
- 30, aa ee 16.590 Gravel, | itumen top.. ..| June 28 
148 | Kleberg... se i ae : 18.600 | Gravel .........<.00<- June 29 
151 | Bee..... i eee 21.617 Gravel, bitumen top... Ss 
86B | Montague......... LES: OS Ser _..do " 
ly aa ssinialnaeaante™ -< caeaniee Surface-tre: ited mac viam . June 30 } 
Rs 2. gbanubeew’ ee ie! | 23.670 | Concrete. ..........- : Tune 4 { 
4CDE | Carbon and Emery.....-.-.-- ee . June 16 i 
EL) oc aneoodeanenen oS Ss aud .730 Wate rbound macadam... June 21 
QU ; ee eee = ae 
12 | Bennington and Rutland... 13.570 | Gravel............- ' do 
0 OS Se ee 4.070 Wate sarbound macadam.... dance | 
14 | Windham.............-----: SO) GHEE. osccouncswess aie : ; June 23 21 
15 | Chittenden........... at 4.030 Bituminous macadam.... : acslve oom 8 
16 | Washington.............--- CO EEE ; do... 
OR dcaaeconscunconessasfanneeenee™ Bituminous macadam June 22 2 
Washington... cccccccccccees OF PR sc cn cccceversuceees 91.370 Crushed rock..........--- May 13 
West Virginia...........---- Pe ioinwicwnoncarseues 2.582 Earth....... Wa Tune 28 
EL, g ccktevenescessee et Ra acs vacccesconenenees SE | COND n.< cccccevacsccecess : June 22 
135 | ES 1.950 = {Sea ess 
ds ceuateiacaebecwens TOO | GeSVEl. ..0-..cccceees : .....-| June 24 
S00 1 POND co cccccvccevccees 1.900 Concrete aS ees “AE 
133 | Waushara..............0---- 2.319 | Sand-clay.........--- - 
150 | Dodge... .......2022-02200% 6.450 Concrete. . ‘ ie 2. 
159 | Washington..........------- 1.710 |... do.... Seavenrmns ‘ secveleesGDeere 60, 236. 22 20) : 
TE 1 EAE 5 < scccicececcvswew™ 2.100 |... a hick ms eS 89, 045. 96 33 
104 | Ozaukee... .........-.------ 2.460 |....- do... j ; ; <a deoriaians 100, 563. 48 30, 
OS rr 1.630  Earth.. ; aia ; o<<Os 27, 951. 63 11 X) 
a ere 3.040 Concrete Ene vas Ss 96. 054. 81 31 " 
Oe Nia adetcnecdedsws § 708 |..<<< do : oe 283, 417.17 ) 7 
6 Seer 6. 78D | <2 do -do. 197, 812. 41 7 
| Aghland . .......cccccecccees CMO | GEOVEl. «2... ccccccccccccceoenscccvsvesecccees| oA Macrae | 
WemIGSWOC.. «2... <scccsccsssee 8.880 | Concrete. ..........ceceeee en cnceccccnccccceecelees 
i idenaseavennadadan 2.¢ veceteccuconee 






& PE epceneeeenennen et ~~] jase. —“soamnanantansansneenennsuemnereesnrsnnrs re, Sh 
31 | Taylor re aoe . ‘ Fea RCE Fem 1 
eS oo es ee § Send. Nabil one ~~ : ee 1 il 

































72 | Jefferson and Dodge..-.....-. .--------- Concrete - - - . ae : : _...... June 24| 1107,582.99 137 . 
257 | Gobet LARGO... .ccccccccscves . i ia wick ws amare eS ee 22, 903. 29 S143 
eg oO ee ee ee SE ae ae ooo as Se 30, 208. 09 l 8 
Tg ae 4.660 Gravel... aS RN SS ae ess x 45, 329. 87 1 in 
900 1 MID «ooo s0iccseccctassss}scseneeves Concrete bridge. ...... i sie 28° 139.27 1 7 
CET Mines scscescsccceecestes 1.020 | Earth....... siete «nineteen See 9, 315.03 » 
eg rrr 4.890 | Concrete. .........-.cccesr- : Me oe “eee 162, 000. 00 ) ”) 
162 eg ata aliases 3.010 |....- cl car sieges ssaeeteiaban its EN tee TP ewties 122, 137. 68 1 8.0 
Wyoming........--------+-- 38 | Hot Springs..........------- 981 | Selected material........-.--.-------+-+-- June 15 54) 133. 75 27 Bi 
Se eee eee | — BAB | GRBUT. 3. ccccrcosescsecnnccsennreccscseeceulons@esees ‘ 1 2 

Bt ce webael MEE tele Par AceneuraeesevesckecensnetdtaseneeHer~rneyre: # 

OY SO ccc cncccccscnevcers} MOTE jv ccqtMOrncnenosccnscccrsscsoscooessasenusecserenins” , 

40 | Niobrara 11. 908 Ssiected SS RR 7, 
oe > \eeeeeeaes 95s Gravel Fenn iss nave ase esuat ve ce nudaek area ees do.....| 36,395. 26 18, 197.68 
| COMVETSC. ......2..eeeeceeeee % 169 CM. an cee eeessneesesesseankareneeemeeeas 56, 350. 4 75,28 








7 | Uinta. ......-...---2---eee 

























1 Modified agreements. Amounts given are inereases over those in 3 Modified agreements. Second revision. Increase. 
the original agreements. 4 Modified agreements. Amounts given are decreases from those in the original agreements: 


2Canceled. 
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Applicants are urgently requested to ask only for those publications in which 


they are particularly interested. The Department can not undertake to supply com- 


plete sets, nor to send free more than one copy of any publication to any one person 
The editions of some of the publications are necessarily limited, and when the Depart- 
ment’s free supply is exhausted and no funds are available for procuring additional 
copies, applicants are referred to the Superintendent of Documents, Government 
Printing Office, this city, who has them for sale at a nominal price, under the law of 
January 12, 1895. Those publications in this list, the Department supply of which 
exhausted, can only be secured by purchase from the Superintendent of Documents, 
who is not authorized to furnish publications free. 


REPORTS, 


*Report of the Directcrof the Office of Public Roads for 1916. 5c. 
*Report of the Director of the Office of Public Roadsfor 1917. 5e. 
Report of the Director of the Bureau of Public Roads for 1918 
Report of the Chief of the Bureau of Public Roads for 1919 


DEPARTMENT BULLETINS. 


Dept. Bul. 105, Progress Report of Experiments in Dust Pre- 
vention and Road Preservation, 1913. 
136. Highway Bonds. 
220. Road Models, 
230. Oil Mixed Portland Cement Concrete. 
249. Portland Cement Concrete Pavements for Coun- 
try Roads 
257. Progress Report of Experiments in Dust Pre- 
vention and Road Preservation, 1914. 
314. Methods for the Examination of Bituminous 
Road Materials. 
347. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 
*348. Relation of Mineral Composition and Rock 
Structure to the Physical Properties of Road 
Materials. 10c. 
370. The Results of Physical Tests of Road-Building 
Rock. 
373. Brick Roads. 
386. Public Road Mileage and Revenues in the 
Middle Atlantic States, 1914 
387. Public Road Mileage and Revenues in the 
Southern States, 1914. 
388. Public Road Mileage and Revenues in the New 
England States, 1914. 
389. Public Road Mileage and Revenues in the Cen- 
tral, Mountain, and Pacific States, 1914. 
390. Public Road Mileage in the United States, 1914. 
A Summary. 
393. Economie Surveys of County Highway Improve- 
ment. 
407. Progress Reports of Experiments in Dust Pre- 
vention and Road Preservation, 1915. 
414. Convict Labor for Road Work. 
463. Earth, Sand-Clay, and Gravel Roads. 
532. The Expansion and Contraction of Concrete and 
Concrete Roads, 
537. The Results of Physical Tests of Road-Building 
Rock in 1916, Including all Compression Tests. 
555. Standard Forms for Specifications, Tests, Re- 
ports, and Methods of Sampling for Road Ma- 
terials. 
583. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 
586. Progress Reports of Experiments in Dust Pre- 
vention and Road Preservation, 1916. 
660. Highway Cost Keeping. 
670. The Results of Physical Tests of Road-Building 
tock in 1916 and 1917. 
691. Typical Specifications for Bituminous Road 
Materials. 
704. Typical Specifications for Nonbituminous Road 
Materials. 
4. Drainage Methods and Foundations for County 
Roads. 
Public Roads, Vol. I, No. 11. Tests of Road-Building Rock in 
1918. 


‘ 


bo 


OFFICE OF PUBLIC ROADS BULLETINS. 


Bul. *37, Examination and Classification of Rocks for Road 
suilding, Including Physical Properties of Rocks 
with Reference to Their Mineral Composition and 
Structure. (1911.) 15c. 

*43. Highway Bridges and Culverts. (1912.) 1c. 
*45, Data for Use in Designing Culverts and Short-Span 
Bridges. (1913.) 15c. 


* Department supply exhausted. 





ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS. 


OFFICE OF PUBLIC ROADS CIRCULARS. 


Cir. 89. Progress Report of Experiments with Dust Preventa- 
tives, 1907. 

*90. Progress Report of Experiments in Dust Prevention, 

Road Preservation, and Road Construction, 1908. 5c. 

*92. Progress Report of Experiments in Dust Prevention and 


Road Preservation. 1909. 5c. 
*94. Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1910. 5c. 


98. Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1911 
*99. Progress Reports of Experiments in Dust Prevention and 


Road Preservation. 1912. de. 
*100. Typical Specifications for Fabrication and Erection of 
Steel Hig! wa Bridges, 1913. 5c. 


OFFICE OF THE SECRETARY CIRCULARS. 


ec. Cir. 49. Motor Vehicle Registrations and Revenues, 1914. 
52. State Highway Mileage and Expenditures to Janu- 


~ 


ary 1, 1915 

59. Automobile Registrations, Licenses, and Revenues 
in the United States, 1915. 

63. State Highway Mileage and Expenditures to Janu- 
ary 1, 191 


65. Rules and Regulations of the Secretary of Agricul- 
ture for Carrying out the Federal Aid Road Act. 
72. Width Wagon Tires Recommended for Loads of 
Varving Magnitude on Earth and Gravel Roads. 
73. Automobile Registrations, Licenses, and Revenues 
in the United States, 1916. 
74. State Highway Mileage and Expenditures for the 
Calendar Year 1916 
Experimental Roads in the Vicinity of Washing- 
ton, D. C 
Public Roads Vol. I, N 1. Automobile tegistrations, Li- 
censes, and Revenues in the 
United States, 1917. 


Vol. I, No. 3. State Highway Mileage and Ex- 
penditures in the United States, 
1917. 


Vol. I, No. 11. Automobile Registrations, Li- 
censes, and Revenues in the 
United States, 1918. 


DEPARTMENT CIRCULAR. 
TNT as a Blasting Explosive. 
FARMERS’ BULLETINS. 


F. B. 338. Macadam Roads 
*505. Benefits of Improved Roads. 5c. 
597. The Road Drag. 


SEPARATE REPRINTS FROM THE YEARBOOK. 


Y. B. Sep. *638. State Management of Public Roads; Its Devel- 
opment and Trend. 5c. 

27. Design of Public Roads. 

39. Federal Aid to Highways, 1917. 


No. 94, 


‘ 
‘ 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL 
RESEARCH. 
Vol. 5, No. 17, D- 2. Effect of Controllable Variables Upon the 
Penetration Test for Asphalts and 
Asphalt Cements. 
Vol. 5, No. 19, D- 3. Relation Between Properties of Hardness 
and Toughness of Road-Building Rock. 
Vol. 5, No. 20, D- 4. Apparatus for Measuring the Wear of Con- 
crete Roads. 
Vol. 5, No. 24. D- 6. A New Penetration Needle for Use in 
Testing Bituminous Materials, 
Vol. 6, No. 6, D- 8. Tests of Three Large-Sized Reinforced 
Concrete Slabs Under Concentrated 
Loading. 
Vol. 10, No. 5, D-12. Influence of Grading on the Value of Fine 
Aggregate Used in Portland Cement 
Concrete Road Construction. 
Vol. 10, No. 7, D-13. Toughness of Bituminous Aggregates. 
Vol. 11, No. 10, D-15. Testsofa Large-Sized Reinforced-Concrete 
Slab Subjected to Eccentric Concen- 
trated Loads. 
4, D-16. Ultra-Microscopic Examination of Dis- 
perse Colloids Present in Bituminous 
Road Materials. 


Vol. AZ, No. 


* Department supply exhausted. 


